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DESCRIPTION 

MOLECULE, RECOMBINANT CONTAINING THE SAME, 
AND USES THEREOF 

Technical Field 

The present invention relates to an modified gene 
derived from a prokaryotic cell- (including an organism 
comprising prokaryotic cells) said gene capable of 
producing a protein that has no sugar chain additions 
when expressed in a eukaryotic cell (including an 
organism comprising eukaryotic cells), and uses thereof. 

Background 

As methods of obtaining gene products of prokaryotic 
cells such as bacteria and blue-green algae, there have 
conventionally been used methods of culturing prokaryotic 
cells having said gene and then isolating and purifying 
the gene products of interest. However, when the gene 
product thus obtained is used as a vaccine, such methods 
had a problem of production efficiency in which an 
adequate amount of expression cannot be secured, and a 
safety problem due to difficulty in removing impurities 
such as pyrogens in the purification process. 

Thus, focusing on the advantage of obviating the 
need of removing pyrogens, attempts have been made to 
introduce into a eukaryotic cell a recombinant vector in 
which the gene of interest derived from a prokaryotic 
cell has been integrated into a vector such as a virus, 
and then allowing the gene to be directly expressed in 
the eukaryotic cell. However, since prokaryotic cells 
and eukaryotic cells are essentially different in their 
mode of gene expression, gene products of a prokaryotic 
cell expressed in a eukaryotic cell could not exhibit the 
activity at a level equivalent to those produced in the 
prokaryotic cell, which sometimes resulted in an 
inadequate immunogenic ity. 
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For example, U.S. Pat. No. 5,871,742 describes that 
an avipoxvirus vector which has integrated an antigen 
gene TTM-1 (TTM-1 gene) derived from Mycoplasma 
gallisepticum is effective as a vaccine to protect 
5 against Mycoplasma gallisepticum infection. 

Subsequently, it was found that the product (TTMG-1 
antigen) of the TTM-1 gene is displayed on the cell 
membrane when the TTM-1 gene is expressed in the 
prokaryotic cell, whereas the TTM-1 product expressed in 
10 a eukaryotic cell is not displayed on the cell membrane 

of the eukaryotic cell and thereby is unlikely to exhibit 
the inherent immunogenicity . As a result of further 
study, in order to display the TTM-1 product on the 
surface of eukaryotic cells, a fusion gene was 
15 constructed in which a DNA encoding a virus-derived type 

II signal sequence such as signal sequence (hereinafter 
referred to as MDV gB signal) of gB of Marek * s disease 
virus (MDV) has been ligated to said gene. By 
integrating this fusion gene into avipoxvirus'- and 
20 allowing it to be expressed, the TTMG-1 antigen was 

successfully displayed on the surface of the cell 
membrane, and thereby a vaccine that exhibits a higher 
activity of protecting against infection was obtained 
(International Patent Publication W097/36924). 
25 in most cases, proteins synthesized in the 

eukaryotic cell are different from those synthesized in 
the prokaryotic cell in that the former has sugar chains 
attached thereto. 

Yoshida et al. (2000) constructed a recombinant 
30 avipoxvirus in which mgc3 (the mgc3 gene), a gene derived 

from Mycoplasma gallisepticum, other than the TTM-1 gene 
was integrated, and investigated the expression of the 
product (the MGC3 antigen) of the mgc 3 gene by 
immunoprecipitation. As a result, it was confirmed that 
35 N-linked sugar chains are not attached (N-glycosylated ) 

to the MGC 3 antigen having no MDVgB signal added thereto 
whereas the MDVgB signal-added MGC 3 antigen undergoes N- 
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glycosylation . Yoshida et al. (2000) also confirmed that 
the MGC3 fusion protein produced by a recombinant 
avipoxvirus that has integrated therein a fusion gene of 
the mgc3 gene and DNA encoding the MDVgB signal is 50- 
5 fold more reactive to a monoclonal antibody 35A6 that 

recognizes the MGC3 protein than the MGC3 antigen 
produced by a recombinant avipoxvirus that has integrated 
therein only the antigen gene mgc3 . Based on this, it 
had been thought that though the fusion of a DNA encoding 
10 the MDVgB signal with the antigen gene may result in the 

addition of sugars to the protein obtained, a highly 
immunogenic protein could be obtained without N- 
glycosylation affecting immunogenic ity . 

15 Disclosure of Invention 

However, the inventors of the present invention have 
performed an animal experiment in which chickens were 
inoculated with a recombinant virus prepared according to 
Yoshida et al. (2000) by integrating the antigen gene of 

20 Mycoplasma gallisepticum to which a DNA encoding the 

MDVgB signal had been added, and thereby confirmed that 
no significant enhancement in the effect of protecting 
against infection was observed compared to when the DNA 
encoding the MDVgB signal was not added. 

25 This result demonstrated that the use of a fusion 

gene to which a signal-encoding DNA is added does not 
always produce enhanced immunogenicity. 

Accordingly, after intensive study in order to 
obtain a novel vaccine having an enhanced immunogenicity , 

30 the inventors of the present invention have found that 

the antigen protein that should inherently be produced by 
the prokaryote, i.e. an antigen protein that is not N- 
glycosylated, provides a high immunogenicity, and thereby 
have completed the present invention. 

35 Thus, according to the present invention: 

Firstly, there is provided a DNA molecule derived 
from a prokaryotic cell in which at least one of the DNA 
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regions encoding NXB (N is asparagine, X is any amino 
acid other than proline, and B is serine or threonine) 
has been modified so that no N-glycosylation occurs 
during the expression in the eukaryotic cell; 
5 secondly, there is provided a fused DNA molecule in 

which a DNA encoding a signal sequence is ligated to the 
N-terminal end of said modified DNA molecule so that it 
may be expressed as a fusion protein; 

thirdly, there is provided a recombinant virus that 
10 has integrated therein (1) a DNA molecule in which at 

least one of the DNA regions encoding NXB (N is 
asparagine, X is any amino acid other than proline, and B 
is serine or threonine) has been modified so that no N- 
glycosylation occurs during the expression in the 
15 eukaryotic cell, or ( 2 ) a fused DNA molecule in which a 

DNA encoding a signal sequence is ligated to the N- 
terminal end of said modified DNA molecule so that it may 
be expressed as a fusion protein; 

fourthly, there is provided a method of producing a 
20 protein encoded by said modified DNA molecule or said 

fused DNA molecule using said recombinant virus in a 
eukaryotic cell; and 

fifthly, there is provided a vaccine that uses said 
recombinant virus. 

25 

Brief Explanation of Drawings 

Figure 1 is a Western blot that compares the 
molecular weight detected using anti-TTMG-1 antiserum of 
the non-N-glycosylated TTMG-1 antigen ( lane 3 ) expressed 

30 from a recombinant virus containing the modified DNA and 

the N-glycosylated TTMG-1 antigen (lane 2) expressed from 
a recombinant virus containing the unmodified DNA. In 
this figure, lane 1 indicates the result from the virus 
(negative control) containing no antigen gene and lane 4 

3 5 indicates the result of the MGC3 antigen that cannot be 

detected with the anti-TTMG-1 antiserum. 

Figure 2 is a Western blot that compares the 



molecular weight detected using anti-TTMG-1 antiserum of 
the non-N-glycosylated TTMG-1 fusion protein (lane 5) 
expressed from the FPV containing the fused DNA of a DNA 
encoding the modified TTMG-1 antigen and a DNA encoding 
the signal sequence MDVgB, the non-N-glycosylated TTMG-1 
fusion protein (lane 1 and 2) expressed from the HVT 
containing said fused DNA, and the N-glycosylated TTMG-1 
fusion protein (lane 6) expressed from the FPV containing 
the unmodified DNA. In this figure, lane 4 indicates the 
result from FPV (negative control) containing no antigen 
gene and lane 3 indicates the result of the antigen 
protein NDV that cannot be detected with the above 
antiserum. 

Figure 3 is a Western blot that shows that the 
molecular weight of the non-N-glycosylated fusion protein 
expressed from the FPV containing the fusion of a DNA 
encoding the modified MGC3 antigen and a DNA encoding the 
signal sequence MDVgB is 120 kd. It has been separately 
confirmed that the molecular weight of the N-glycosylated 
MGC3 antigen expressed from the unmodified mgc3 gene is 
140 kd. In this figure, lane 1 indicates the molecular 
weight standard and lane 4 indicates the result from the 
virus containing no antigen gene. 

Figure 4 is a Western blot that shows that the 
treatment of the non-N-glycosylated MGC3 antigen 
(molecular weight 120 kd) expressed from the virus into 
which an modified mgc3 gene was introduced with a sugar 
chain-cleaving enzyme endoglycosidase or PNGase F does 
not change (reduce) the molecular weight. 

In Figure 5, A indicates the result in which the 
antigen protein was detected by immunoprecipitation with 
anti-TTMG-1 (anti-40K) antiserum, and B indicates the 
result in which it was detected by immunoprecipitation 
with the monoclonal antibody 35A6 that reacts with the 
antigen protein MGC3 . In both of panel A and B, lane 1 
indicates the result from the virus (parent FPV) 
containing no antigen gene, lane 2 indicates the result 
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from the virus containing the unmodified TTMG-1 gene that 
expresses the glycosylated TTMG-1 antigen, lane 3 
indicates the result from the virus containing the 
modified TTMG-1 gene that expresses the non-N- 
5 glycosylated TTMG-1 antigen and the modified mgc3 antigen 

gene that expresses the non-N-glycosylated MGC3 antigen, 
and lane 4 indicates the result from the virus containing 
the unmodified mgc3 gene that expresses the N- 
glycosylated MGC3 antigen, 

10 

Best Mode for Carrying Out the Invention 

In accordance with the present invention, the amino 
acid sequence represented by NXB (N is asparagine, X is 
any amino acid other than proline, and B is serine or 
15 threonine) is an amino acid that is present in a peptide 
encoded by a DNA molecule derived from a prokaryotic cell 
and that is recognized as a N-glycosylation site in a 
eukaryotic cell- According to the present invention, 
this amino acid sequence is sometimes referred to as "a 
20 potential N-glycosylation site". 

Known as such are an amino acid sequence represented 
by N ( asparagine )-X (X is any amino acid other than 
proline )-S (serine), or an amino acid sequence 
represented by N ( asparagine ) -X (X is any amino acid 
2 5 other than proline ) -T (threonine). 

In accordance with the present invention, the DNA 
region that is modified so as not to be N-glycosylated 
(the addition of a N-linked sugar chain) is a DNA region 
that encodes one or more N-glycosylation sites present in 
30 the gene derived from a prokaryotic cell . When a DNA 

region encoding a plurality of N-glycosylation sites is 
present in the gene of a prokaryotic cell, the DNA region 
encoding the N-glycosylation site that is displayed on 
the surface may be only modified considering the 
35 conformation of the protein finally obtained, or all such 

regions present in said gene may be modified. 
Modified DNA molecule 



The modified DNA molecule of the present invention 
is a DNA molecule in which at least one region among the 
DNA regions encoding potential N-glycosylation sites 
present in the gene derived from a prokaryotic cell has 
been modified so that N-glycosylation does not occur 
during the expression in a eukaryotic cell for. 
(Prokaryotic cell) 

According to the present invention, prokaryotic 
cells may be bacteria or blue green algae, and pathogenic 
bacteria are suitable for the purpose of the present 
invention. For example, there can be mentioned gram- 
positive bacteria such as Staphylococcus aureus, 
Clostridium tetani, and Clostridium botulinum; gram- 
negative bacteria such as Escherichia coli, Salmonella, 
Haemophilus, and Bordetella; acid-fast bacteria such as 
Mycobacterium tuberculosis; and Mycoplasma, and 
preferably there can be mentioned Mycoplasma having 
pathogenically against avians,. 

(The prokaryotic cell-derived gene to be the target of 
alteration) 

According to the present invention, the prokaryotic 
cell-derived gene to be the target of alteration is a 
portion of the gene that is owned by the above 
prokaryotic cell and- that contains the gene region 
encoding gene products such as protein. When it is used 
as vaccine specifically, the gene preferably contains a 
portion having all or one or more epitopes of the antigen 
gene that encodes the antigen protein. 

As the antigen gene, there can be mentioned adhesin 
present in various bacteria, and more preferably genes 
encoding Pertactin, Fimbriae, Filamentous hemagglutinin 
(FHA) from Bordetella, the TTM-1 gene as set forth in SEQ 
ID NO: 1 that encodes the TMG-1 antigen (29 kd) described 
in U.S. Pat. No. 5,766,594, the TTMG-1 antigen (40 kd) 
described in U.S. Pat. No. 5,489,430, and the TM-66 
antigen (66 kd) or TM-67 antigen (67 kd) described in 
U.S. Pat. No. 5,871,742, and the mgc3 gene as set forth 
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in SEQ ID NO: 2 (GeneBank accession No. AB023292) 
encoding the Mil antigen (this is identical with the MGC3 
antigen used by Yoshida et al.) described in 
International Patent Publication WO97/24370. 
5 By analyzing the base sequence of the prokaryotic 

cell-derived gene to be the target of alteration and 
estimating the amino acid sequence from the sequence, it 
is possible to specify the DNA region that encodes the 
potential N-glycosylation site in said gene. 
10 When a translation codon inherent to the prokaryotic 

cell is present in said gene used, this portion can be 
modified as needed. In the case of genes derived from 
Mycoplasma, for example, the base sequence " TGA" that 
should be read as the terminal codon in the usual 
15 prokaryotic cell is translated as tryptophan, and thus 
this "TGA" can be modified so that it may be translated 
as an amino acid (when TGA is to be translated as 
tryptophan, it is changed to TGG) in the eukaryotic cell. 
Furthermore, when poxvirus is used to express 
20 protein, the base sequence " T5NT" is likely to become a 

translational termination signal (Yanagida et al., 1992), 
it is preferred to alter so that it is not accompanied by 
amino acid substitution in order to prevent the 
termination of translation. 
25 m addition, as reported that after the Gpl20 gene 

of HIV was converted to a human optimized codon, its 
effect as a DNA vaccine increased (Andre et al., 1998), 
the amount expressed of a gene can be enhanced by 
replacing with a translation codon (optimization of 
30 codon) of an amino acid that is highly frequently used in 

the living body in which the DNA molecule is to be 
expressed. Accordingly, when the DNA molecule of the 
present invention is to be expressed in chickens, it is 
likely that optimization to a chicken codon can enhance 
35 the gene expression, and the alteration to a chicken 

codon can be performed as needed. 
(Method of altering the N-glycosylation site) 
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As the method of altering the N-glycosylation site 
in the prokaryotic cell-derived gene, there can be 
mentioned the following three alteration methods: 

(1) the alteration of the DNA sequence encoding 

5 asparagine (N) to a DNA sequence encoding an amino acid 

other than asparagine; 

(2) the alteration of the DNA sequence encoding any 
amino acid (X) other than proline to a DNA sequence 
encoding proline; and 

10 (3) the alteration of the DNA sequence encoding 

serine or threonine (B) to a DNA sequence encoding an 
amino acid other than serine or threonine. 

Among these three methods, the method of (1) in 
which the DNA sequence encoding asparagine (N) is changed 
15 to a DNA sequence encoding glutamine (Q) is preferred in 
that it does not affect protein conformation. 

These methods of altering genes are not specifically 
limited. For example, methods using synthetic DNA such 
as in vitro mutagenesis and polymerase chain reaction 
2 0 (PCR) are commonly used. From the viewpoint that a 

plurality of mutations can introduced and in a shorter 
time as well, the method of using PCR is preferred. 
Fused DNA molecule 

In the fused DNA molecule of the present invention, 
25 a DNA encoding a signal sequence has been ligated to the 

N-terminal end of the above DNA molecule of the present 
invention so that it may be expressed as a fusion 
protein. 

The ligation of a DNA encoding a signal sequence to 
30 the N-terminal end of the DNA molecule of the present 

invention followed by the expression of the fusion 
protein makes it possible to obtain a vaccine having a 
higher immunogenicity . 

(Signal sequence and DNA encoding the same) 
35 Signal sequences and methods of ligating the DNA 

encoding the same to another DNA molecule have been 
described in detail in U.S. Pat. No. 5,871,742, 
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international Patent Publication W097/36924, and Yoshida 
et al. (2000), and are briefly explained hereinbelow. 

Signal sequences are sequences that function when 
membrane proteins of viruses etc, are extracellularly 
5 secreted or displayed. The membrane protein from which 

signal sequences are derived may be either type I or type 
II. Examples of membrane proteins include the 
hemagglutinin neuraminidase (HN) protein of Newcastle 
f disease virus NDV) , the gB protein of herpes simplex 

10 virus (HSV) type 1 and Marek's disease virus (MDV) type 

I, the G glycoprotein of Rabies virus, and the like. 
Signal sequences can be readily found by analyzing the 
amino acid sequence of the hydrophobic peptide region in 
the amino terminal or the carboxy terminal of the 

15 membrane protein. 

DNA encoding the signal sequence thus specified may 
be obtained by a conventional method, and ligated to the 
DNA molecule of the present invention to obtain the fused 
DNA molecule of the present invention. At this time, in 

20 order to allow the expression as a fusion protein, the 

signal sequence is ligated to the N-terminal end of the 
DNA molecule using a conventional method in such a manner 
that the open reading frame (ORF) estimated by analyzing 
the base sequence of the DNA molecule becomes aligned in 

2 5 frame . 

When a potential N-glycosylation site is present in 
such a signal sequence, it is preferred to alter the DNA 
encoding the signal sequence as for the DNA molecule of 
the present invention in a similar manner as described 
30 above so that it may be not recognized as a N- 

glycosylation site when expressed in a eukaryotic cell . 
Recombinant virus 

The recombinant virus of the present invention has 
integrated in the genome thereof the, DNA molecule or the 
35 fused DNA molecule (hereinafter referred to .collectively 

as the "DNA molecule" of the present invention). 

When the DNA molecule of the present invention is to 



be integrated in the recombinant virus, it is usually 
integrated to be placed under the control of a regulatory 
gene ( promoter ) in order to obtain a high amount of 
expression. The promoter may be commonly used one that 
functions in the eukaryotic cell, and may be derived from 
a eukaryotic cell or virus. Specific examples of 
promoters include thymidine kinase promoter of 
herpesvirus (Ross et aL, 1993), the gB protein promoter 
of the herpesvirus of turkey (HVT) and Marek ' s disease 
virus (MDV) serotype I (Ross et al., 1993), the IE 
promoter of human cytomegalovirus (HCMV) (Stinski et al. , 
1995), SV40 promoter (Gunning et al., 1987), human p 
actin promoter (Gunning et al., 1987 ), chicken (3 actin 
promoter (Kost et al. , 1983), the LTR promoter of Rous 
sarcoma virus (RSV) (Greuel et al. , 1990 ), chimera 
promoter ( Japanese Unexamined Patent Publication ( Kokai ) 
No. 2001-188), and the like. 

By adding an enhancer, a factor that activates 
transcription, in addition to promoter, a more efficient 
expression may be predicted (Stinski et al., 1995). As 
the enhancer, there can be mentioned a portion of the 
cytomegalovirus-derived promoter , and generally the 
positional relationship to the inserted gene is not 
limited . 

Furthermore, in the case of a recombinant 
herpesvirus , a higher amount of expression is obtained by 
adding DNA encoding a polyadenylation signal to the 
downstream of the DNA molecule of the present invention. 
As the polyadenylation signal, there can be illustrated 
the Poly A signal (Gunning et al., 1987) of SV40 etc. and 
the Poly A signal (Yanagida et al., 1993) of UL46h, UL47h 
and UL49h of Marek ' s disease virus (MDV) serotype I. 

The method of obtaining the recombinant virus of the 
present invention is not specifically limited, and for 
example there is the method of homologous recombination 
between a vector in which any DNA (the DNA inserted into 
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virus is hereinafter referred to collectively as foreign 
gene) such as the DNA molecule of the present invention 
and a promoter was sandwiched in between the fragments of 
the gene region that is not essential for the viral 
5 replication. 

The recombinant virus of the present invention will 
now be explained in detail with reference to the example 
of a recombinant herpesvirus and . a recombinant poxvirus . 
(Recombinant virus) 
10 As the gene region nonessential for the growth of 

herpesvirus in the case of Marek's disease virus (MDV) 
serotype 1, serotype II, serotype III (type III is turkey 
herpesvirus), there can be illustrated the TK region 
(Ross L. et al., 1991), US10 . region .(Sakaguchi M. et al., 
15 1994), the US2 region ( Sondermei jer , P.j. et al. , 1993), 

the region in between UL44 and UL45 and the region in 
between UL45 and UL46 (SEQ ID NO: 3 indicates a sequence 
from UL4 4 to UL'4 6) described in International Patent 
Publication W099/18215. 
20 A transfer vector for recombination is constructed 

that has a DNA region in which necessary foreign genes 
such as the DNA of the present invention and promoters 
are sandwiched by the nonessential region. The length of 
the region into which foreign genes such as the DNA of 
2 5 the present invention are inserted is, but not limited 

to, about 10 bp each in front of and behind the foreign 
gene insertion site, preferably 100 bp or longer, more 
preferably 500 bp or longer. The vector may be one that 
is generally used for the construction of recombinant 
30 virus, and include, for example, plasmid such as pBR322, 

pBR325, pBR327, pBR328, puC8, pUC18, and pUC19, and phage 
such as X phage and M13 phage, and cosmid such as pHC9 . 

Homologous recombination between this recombinant 
vector and the parent herpesvirus is allowed to take 
35 place to construct a recombinant herpesvirus. 

The parent herpesvirus may be any herpesvirus that 
infects mammals or avians. In order to obtain avian 
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vaccines, Marek's disease virus is preferably selected. 
There are three types of Marek's disease virus: serotype 
I, II, and III, any of which may be used to obtain the 
recombinant herpesvirus of the present invention. These 
5 Marek's disease viruses may be naturally occurring ones 
or may be those available from ATCC etc, with or without 
charge, and most preferably they are non-phathogenic . As 
such viruses, there can be illustrated the CVI988 
(Rispens) strain for Marek's disease virus serotype I, 

10 the SB- 1 strain for Marek's disease virus serotype II, 

and FC126 (ATCC VR-584B) , PB-THV1, H-2 , YT-7 , and HPRS-26 
for Marek's disease virus serotype III (HVT). 

Specific examples for generating recombinant 
herpesvirus include those described below. 

15 A recombinant vector in which the above-mentioned 

foreign gene has been sandwiched in a nonessential 
insertion site is introduced into a herpesvirus-inf ected 
cell by electroporation, the calcium phosphate method, a 
method that uses lipofectin, the gene gun method, and the 

2 0 like. In the case of avian herpesviruses, for example, 

cells to which herpesvirus is infected are preferably 
derived from avians, and include, for example, chick 
embryo fibroblasts (CEFs), developing chicken embryos, 
and chicken kidney cells. Culturing of infected cells 

2 5 may be performed by a commonly used method. As the 

method of introducing a recombinant vector into infected 
cells, electroporation and a method that employs 
lipofectin are preferably adopted because of their high 
efficiency of introduction. When the amount of plasmid 

30 introduced is in the range of 0.1 to 1000 [ig, the 

incidence of recombinant virus between the genomic DNA of 
herpesvirus and the homologous region of the recombinant 
vector becomes higher. In order to select only 
recombinant viruses that have introduced such a plasmid, 

35 the Black Plaque Assay (BPA) can be used. The BPA method 

is one in which the foreign gene product and an antibody 
against this are reacted, to which an enzyme-labeled 
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10 



second antibody is reacted, and then the substrate for 
said enzyme is used to visualize plaques that expressed 
the products of the foreign gene. Using this method, a 
recombinant virus that expressed the foreign antigen gene 
may be selected. When these recombinant viruses are 
constructed, due to ease of detection, a marker gene such 
as (3-galactosidase may be integrated as one of the 
foreign genes, in which expression is easily monitored 
using Bluo-Gal (manufactured by Gibco BRL) to isolate a 
recombinant. In addition, the method of plaque 
hybridization etc. may be used to isolate the recombinant 
herpesvirus of interest. By repeating these procedures, 
recombinant virus is purified.. 
(Recombinant poxvirus) 
15 Recombinant poxvirus can be constructed, in a 

similar manner to the construction of recombinant 
" herpesvirus, using homologous recombination. 

However, since poxvirus per se has a transcription 
factor etc. and thus transcription and translation are 
2 0 likely to occur by constituents of the virus per se. 

Therefore, the promoter used is not the one mentioned 
above as usable for the construction of the above 
recombinant herpesvirus but must be changed to a promoter 
for poxvirus. As the promoter for poxvirus, a synthetic 
2 5 promoter that functions as a promoter in the virus 

belonging to the poxvirus with reference to Davison et 
al. 1 and 2 (1989), or a natural promoter of poxvirus may 
be used. As the natural promoter of poxvirus, there can 
be mentioned the 7 . 5K promoter, 19K polypeptide promoter, 
30 4 2K polypeptide promoter, 28K polypeptide promoter, and 

TK promoter (Weir et al., 1984) of vaccinia virus. 

when a recombinant poxvirus is used for the 
expression of proteins, as described above, the foreign 
gene used is preferably modified at the T5NT region. 
35 as the gene region nonessential for the growth of 

poxvirus, there can be used the TK gene region of fowlpox 
virus, pigeon poxvirus, quail oox (?), turkey poxvirus 
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etc. , the region in between the open reading frames (ORF) 
as described in U.S. Pat. No. 5/180,675 and Japanese 
Patent Publication No. 2766984, and the region described 
in U.S. Pat. No. 5,387,519. More specifically, an EcoRI 
5 fragment (7.3 kbp), an EcoRI-Hindlll fragment (about 5.0 

kbp), a BamHI fragment (about 4.0 kbp), and a Hindi I I 
fragment (about 5.2 kbp) derived from pigeon pox 
described in U.S. Pat. No ? 5,387,519, and Spel-Hpal (3026 
bp) (SEQ ID NO: 4) in an EcoRI fragment (7.3 kbp). 

10 Production of proteins 

By infecting the recombinant virus of the present 
invention to the cells in which said virus can infect and 
. propagate, and culturing the cells, the DNA molecule 
derived from a prokaryotic cell integrated into the 

15 recombinant virus may be expressed and the protein 
encoded by said DNA molecule can be obtained. 

The cells to which the virus, is infected used may be 
the same cells as those used in the construction of the 
recombinant virus mentioned above. The culture 

20 conditions are the same as well. 

The method of purifying the protein obtained is not 
specifically limited, and may be isolated and purified 
according to the description in, for example, Methods in 
Enzymology, Vol. 182 ("Guide to Protein Purification", 

25 Murry P. Desutscher ed. , published by Academic Press). 

The antigen peptide thus obtained may be diluted 
according to a conventional method, or mixed with a 
suitable adjuvant, and may be used as a component 
vaccine. As the adjuvant used, there can be illustrated 

30 Freund's complete adjuvant, Freund ' s incomplete adjuvant, 

alum, Arlacel, and the like. The mixed ratio with the 
adjuvant is, but not limited to, generally 1:1. When 
used as a component vaccine, 0.1 \ig or more per 
individual, for chicken for example, may be administered, 

35 and there is no specific upper limit unless acute 

toxicity manifests. The method of administration may be 
subcutaneous, intravenous, intramuscular, or 



intraperitoneal injection, a method of immunizing by 
spraying into the airway, administration by drinking 
water and the like . 
Vaccine 

( Recombinant herpesvirus vaccine ) 

The method of preparing live vaccine comprising a 
recombinant herpesvirus as a main ingredient is not 
specifically limited. For example, the following method 
may be used for preparation. 

The recombinant herpesvirus of the present invention 
is infected to the cells (hereinafter referred to as host 
cells) in which said virus can grow, and after the cells 
have grown, they are scraped using a scraper or trypsin, 
and then centrifuged to separate the supernatant from the 
infected cells. In the case of avian herpesvirus, for 
example, the host cell used is preferably one derived 
from avians and CEF, chicken kidney cells etc. are 
preferably used. The infected cells thus obtained are 
suspended into a culture medium containing 10% dimethyl 
sulfoxide (DMSO), and stored in the presence of liquid 
nitrogen. When used as vaccine, the frozen product is 
thawed and dissolved in 100 volumes of phosphate buffer 
or physiological saline and used. 

Stabilizers and other components for storing the 
above infected cells under liquid nitrogen are not 
specifically limited as long as they allow stable 
survival of the virus-infected cells and are components 
that do not pose any pharmacological problems to 
recipients . 

The administration method of the recombinant 
herpesvirus thus prepared is not specifically limited. 
For example, there can be mentioned methods similar to 
those currently used for herpesvirus vaccines such as a 
method of subcutaneously injecting to the chicken 
individual, and a method of inoculating by making a hole 
during the development of the developing chicken embryos. 

The amount and the timing of inoculation may the 
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same as the conventional vaccines. For example, by 
inoculating subcutaneously 10 2 -10 4 PFU or 10 2 -10 4 TCID 50 to 
the dorsum of the chicken on the day of hatching using a 
26G needle, the effect as vaccine can be expected. The 
5 recombinant herpesvirus prepared as described above. 

functions as a vaccine against not only the pathogenic 
prokaryotic organisms from which the DNA molecule of the 
present invention was obtained but also the parent 
herpesvirus, 

10 (Recombinant poxvirus vaccine) 

In a completely similar manner to the recombinant 
herpesvirus etc, mentioned above, the recombinant 
poxvirus can be prepared as vaccine using a similar 
procedure. However, unlike Marek ' s disease virus 

15 serotype I, II, and III described as examples of 

recombinant herpesvirus, it is not necessary to suspend 
the infected cells into a culture medium containing 10% 
dimethyl sulfoxide (DMSO) and to store them frozen under 
liquid nitrogen, but the supernatant containing the 

2 0 recombinant poxvirus can be obtained by harvesting and 

homogenizing the infected cells followed by 
centrif ugation and the like. The supernatant is 
generally stored lyophilized, and, as appropriate, mixed 
with a pharmaceutically acceptable carrier or 

25 physiological saline and then used as a vaccine, but it 

is possible to add a carrier or physiological saline 
without lyophilization and to use as a vaccine. 

The method of inoculating the recombinant poxvirus, 
the dosage and the timing of inoculation may be the same 

30 as conventional vaccines. For example, in the case of 

recombinant avipoxvirus vaccine, 10 2 -10 4 PFu or 10 2 -10 4 
TCID 50 is stabbed to the wing web of a chicken one week 
after hatching using a puncture needle. 

The recombinant poxvirus thus prepared functions as 

3 5 a vaccine against not only the pathogenic prokaryotic 

organisms from which the DNA molecule of the present 
invention was obtained but also the parent poxvirus. 
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Furthermore, the recombinant vectors constructed in 
the construction of the recombinant virus of the present 
invention can be used per se as a DNA vaccine. This is a 
method of expressing an antigen by inoculating the 
5 purified vector directly into the eukaryotic cell 

individual. It can be injected or inoculated by making 
scratches alone or together with those that supplement 
expression or immunological ability, or can be introduced 
into a eukaryotic cell individual by the gene gun etc. 

10 and then can be used as a vaccine. 

when a vector that grows in the eukaryotic cell is 
used, it can be introduced per se into eukaryotic cells, 
for example, lined cell cultures or primary cell 
cultures, by electroporation, the calcium phosphate 

15 method, a method that uses lipofectin, the gene gun 

method, and the like, and thereby the cells in which said 
gene has been expressed can be obtained temporarily or 
permanently by being integrated into the chromosome of 
the cell. The expressed cells per se or after 

20 purification can be used. as a component vaccine . 

Examples" ; .' . 

The present invention will now be explained with 
reference to the Examples ♦ 
25 [Principles of gene alteration] 

According to the present invention, when a potential 
N-glycosylation site of the gene to be expressed in a 
eukaryotic cell is removed, the following principles A to 
C were used unless otherwise specified. 
3 0 A. Removal of the N-glycosvl ation site 

For the nucleotide sequence corresponding to the 
potential N-glycosylation site, Asn ( N ) -X-Ser ( S ) or 
Asn ( N ) -X-Thr ( T ) (X is an amino acid other than proline), 
the DNA sequence encoding Asn(N) was modified to a DNA 
35 sequence encoding Gln(Q) . 

B. Optimization of the vicinity of the QR F initiation 
codon 



Three bases at the 5 ' end of the ORF initiation 
codon ATG were modified to AAA, and a total of 6 bases 
comprising the initiation codon ATG and three bases 
located upstream thereof were changed to AAAATG . 
Alteration like this does not badly affect the Kosak rule 
or the POX rule. 

C. Removal of T5NT 

When T5NT that is likely to become the translational 
termination codon is to be expressed in poxvirus, the 
base sequence of the region was modified to , prevent the 
termination of translation by taking care not to be 
accompanied by amino acid substitution. 

D. Optimization to codons frequently used in chickens 

Furthermore, optimization to codons frequently used 
in chickens was also performed as needed. According to 
the article by Nakamura et al. (1996), basically the most 
frequently used codon was selected, and the nucleotide 
sequence was modified so as to make the codon. 
Reference Example 1* Alteration of the MDVaB signal 

The DNA sequences corresponding to two N— 
glycosylation sites present in a 186 bp (62 amino acids) 
signal sequence of Marek's disease virus gB protein as 
set forth in SEQ ID NO: 5 were modified based on the 
above principle of alteration A, and DNA encoding the 
amino acid sequence as set forth in SEQ ID NO: 6 was 
obtained. 

The DNA was further modified based on the above 
principle of alteration B and C to obtain the MDVgB 
signal DNA as set forth in SEQ ID NO: 7 in which the 
nucleotide sequence was modified. 

The modified MDVgB signal DNA was cloned into 
plasmid PCR-II (Invitrogen) to construct the plasmid 
PCR2-MDgB-CG. There are a BamHI site on the 5 ' -end and 
an EcoRI site on the 3 ' -end of the modified MDVgB signal 
DNA in said plasmid. 

Reference Example 2 . Alteration of the rabies aG signal 
DNA encoding the rabies virus gG signal (23 amino 
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acids) as set forth in SEQ ID NO: 8 having no N- 
glycosylation sites was modified based on the above 
principle of alteration B-D to obtain a plasmid pUC-rgG 
that has an modified rabies gG signal DNA as set forth in 
5 SEQ ID NO: 11. 

Specific procedure to obtain this plasmid is as 
follows: 

Thus, after annealing two synthetic DNAs as set 
forth in SEQ ID NO: 9 and 10, it was inserted into a 2665 
10 bp BamHI-EcoRI-cleaved fragment of pUC18 to construct 

pUC-rgG. 

Example 1. Alteration of the TTM-1 gene fr om MG 
(1) Construction of pGTPs40KS-Ngly 

There are four N-glycosylation sites in the TTM-1 

15 portion of the amino acid sequence as set forth in SEQ ID 

NO: 12 of a plasmid pNZ40K-S described in International 
Patent Publication W097/36924 in which a MDVgB signal- 
encoding DNA has been ligated to the N-terminal of the 
antigen gene TTM-1 derived from Mycoplasma gallisepticum. 

20 Since there are no N-glycosylation sites in the region 

from the EcoRI site, the start of the TTM-1 portion, to 
the Bglll site 83 bp downstream, the portion downstream 
of Bglll was modified based on the above principle of 
alteration A to obtain a plasmid pGTPs40KS-Ngly having an 

25 modified TTM-1 gene in which the sequence downstream to 
the Bglll site has the nucleotide sequence as set forth 
in SEQ ID NO: 24 that corresponds to the amino acid 
sequence as set forth in ' SEQ ID NO: 23. The specific 
procedure to obtain this plasmid is as follows: 

3 0 By using a synthetic DNA as a primer, mutation was 

performed using PCR. The PCR used Pfu polymerase 
(Promega) and was performed under the usual condition 
using the DNA Thermal Cycler 480 of Perkin-Elmer . Twenty 
five to thirty cycles were performed at an annealing 
35. temperature range of 60 °C to 47 °C and after determining 
the optimum condition. 

As a template for PCR, pGTPs40K-S having TTM-1 



- 21 - 



described in W097/36924 and the MDVgB signal was used. 

First, PCR was performed with the primer 4 0KG-1 ( SEQ 
ID NO: 13) and the primer 40KG-2R (SEQ ID NO: 14) to 
obtain a 136 bp fragment. 
5 Similarly, PCR was performed with the primer 40KG-2 

(SEQ ID NO: 15) and the primer 40KG-3R (SEQ ID NO: 16) to 
obtain a 341 bp fragment. 

Similarly, PCR was performed with the primer 4 0KG-3A 
(SEQ ID NO: 17) and the primer 40KG-4RA (SEQ ID NO: 18) 
10 to obtain a 190 bp fragment. 

Similarly, PCR was performed with the primer 4 0KG-4 
(SEQ ID NO: 19) and the primer ' 40KG-5R ( SEQ ID NO: 20) to 
obtain a 359 bp fragment. 

Similarly, PCR was performed, with the primer 40KG- 
15 5(SEQ ID NO: 21) and the primer 40KG-6R (SEQ ID NO: 22) 

to obtain a 218 bp fragment. 

In the next PCR, using three fragments of a 136 bp 
PCR product of the primers 40KG-1 and 40KG-2R, a 341 bp 
PCR product of the primers 40KG-2 and 40KG-3R, and a 190 
2 0 bp PCR product of the primers 4 0KG-3A and 4 0KG-4RA as the 

templates, PCR was performed in the above-mentioned 
condition with the primer 40KG-1 (SEQ ID NO: 13) and the 
primer 4KG-4RA (SEQ ID NO: 18) to obtain a 595 bp 
fragment . 

25 Similarly, using a 359 bp PCR product of the primers 

40KG-4 and 40KG-5R and a 218 bp PCR product of the 
primers 40KG-5 and 40KG-6R as the templates, PCR was 
performed in the above-mentioned condition with the 
primer 40KG-4 (SEQ ID NO: 19) and the primer 4KG-6R (SEQ 

30 ID NO: 22) to obtain a 539 bp fragment. 

Furthermore, using a 595 bp PCR product of the 
primers 40KG-1 and 40KG-4RA and a 539 bp PCR product of 
the primers 40KG-4 and 40KG-6R as the templates, PCR was 
performed in the above-mentioned condition with the 

35 primer 40KG-1 (SEQ ID NO: 13) and the primer 4KG-6R (SEQ 

ID NO: 22) to obtain a partial fragment (1088 bp) of the 
modified TTM-1. 
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By ligating a fragment obtained by cleaving this 
1088 bp fragment with Bglll and Sail and a 2896 bp 
obtained by cleaving pGTPs40K-S described in W097/36924 
with Bglll and Sail, the plasmid pGTPs40KS-Ngly having an 
5 modified TTM-1 gene in which the DNA region encoding the 

N-glycosylation site has been modified was constructed. 
Example 2. Alteration of the mac3 gene derived from MG 
The amino acid sequence as set forth in SEQ ID NO: 
2 5 encoded by the mgc3 gene (GeneBank accession No. 

10 AB023292) as set forth in SEQ ID NO: 2 has 16 N- 

glycosylation sites. Among the 16 sites, since a site at 
the most 5' upstream side is replaced with the signal 
sequence at a later treatment, it was excluded from the 
target of alteration. For the remaining 15 sites, the 

15 base sequence was modified based on the principle of 

alteration A to obtain the plasmid pMUBTR containing the 
*mgc3 gene that has the nucleotide sequence as set forth 
in SEQ ID NO: 79 corresponding to the amino acid sequence 
as set forth in SEQ ID NO: 78. 

20 The specific procedure to obtain this plasmid is as 

follows: 

For the alteration, a synthetic DNA was used as the 
primer, and mutation was effected by PCR. 

Since the mgc3 gene is as long as about 3 kb, it was 
25 divided into three fragments of about 1 kb in length, 

which were termed as the 1094 bp BKR region, the 908 bp 
KXR region, and the 1192 bp XGTR region. For each of 
-these three fragments, mutation was effected, and after 
confirming the nucleotide sequence, they were ligated. 
30 Using Pfu polymerase (Prpmega) as in Example 1, PCR 

was performed under the usual, condition. Twenty five to 
thirty cycles were performed at an annealing temperature 
range of 60 °C to 47 °C and after determining the optimum 
condition. As the template for the initial alteration, 
35 pUC-MGC3 in which the mgc3 gene derived from Mycoplasma 

gallisepticum described in Yoshida et al . (2000) was 
inserted into pUC18 was used. 
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(1) Mutation of the BKR region (construction of 
pMUBTR) 

Using pUC-MGC3 as the template, PCR was performed 
with the primer Mll-B ( SEQ ID NO: 26) and the primer Mll- 
5 2R (SEQ ID NO: 27) to obtain a 136. bp fragment. 

Using pUC-MGC3 as the template, PCR was performed 
with the primer Mll-2 (SEQ ID -NO: 28) and the primer. Mll- 
3R (SEQ ID NO: 29) to obtain a 92 bp fragment. 

Using pUC-MGC3 as the template, PCR was performed 
10 with the primer Mll-3 (SEQ ID NO: 30) and the primer Mll- 

4RB (SEQ ID NO: 31) to obtain a 271 bp fragment. 

Using pUC-MGC3 as the template, PCR was performed 
with the primer M11-4B (SEQ ID NO: 32) and the primer 
M11-5R (SEQ ID NO: 33) to obtain a 116 bp fragment. 
15 Using pUC-MGC3 as the template, PCR was performed 

with 'the primer M11-5A (SEQ ID NO: 34) and the primer 
M11-7RA (SEQ ID NO: 35) to obtain a 439 bp fragment. 

Using pUC-MGC3 as the template, PCR was performed 
with the primer Mll-7 (SEQ ID NO: 36) and the primer Mll- 
20 KR (SEQ ID NO: 37) to obtain a 201 bp fragment. 

In the next PCR, using a 136 bp PCR product of the 
primer Mll-B and the primer M11-2R and a 92 bp PCR 
product of the primer Mll-2 and the primer M11-3R as the 
templates, PCR was performed with the primer Mll-B (SEQ 
25 ID NO: 26) and the primer M11-3R (SEQ ID NO: 29) to 

obtain a 199 bp fragment. 

Similarly, using a 271 bp PCR product of the primer 
Mll-3 and the primer M11-4RB and a 116 bp PCR product of 
the primer M11-4B and the primer M11-5R as the templates, 
30 PCR was performed with the primer Mll-3 (SEQ ID NO: 30) 

and the primer M11-5R (SEQ ID NO: 33) to obtain a 344 bp 
fragment. 

Similarly, using a 439 bp PCR product of the primer 
M11-5A and the primer M11-7RA and a 201 bp PCR product of 
35 the primer Mll-7 and the primer Mll-KR as the templates, 

PCR was performed with the primer M11-5A (SEQ ID NO: 34) 
and the primer Mll-KR (SEQ ID NO: 37) to obtain a 610 bp 



fragment . 

Using these three PCR products, a PCR product (199 
bp) of the primer Mll-B and the primer M11-3R, and a PCR 
product (361 bp) of the primer Mll-3 and the primer Mll- 
5R, and a PCR product (610 bp) of the primer M11-5A and 
Mll-KR as the templates, PCR was performed with the 
primer Mll-B (SEQ ID NO: 26) and the primer Mll-KR ( SEQ 
ID NO: 37) to obtain a 1094 bp fragment- A 1070 bp 
fragment obtained by cleaving this PCR product (1094 bp) 
of the primers Mll-B and Mll-KR with EcoRI and Kpnl was 
inserted into a 2678 bp fragment of the plasmid pUC18 
cleaved with EcoRI and Kpnl to construct pMUBKR. 

After analyzing the nucleotide sequence of this 
pMl 1BKR , a sequence different from the mgc3 gene 
(GeneBank accession No. AB023292) registered in GeneBank 
was found* Furthermore, the sequence of the original 
plasmid pUC-MGC3 was compared to confirm that it was not 
an error in PCR . As a result, it was confirmed that G at 
position 308 of SEQ ID NO: 2, a sequence registered at 
GeneBank, is T, G at position 311 is C, C at position 561 
is G, and G at position 749 is T. It was demonstrated 
that due to an error in the base at position 561, the 
amino acid sequence encoded in this region is not N- 
Asn ( N ) -Gin ( Q ) -Thr ( T ) corresponding to the N-glycosylation 
site but Gin ( Q ) -Gin ( Q ) -Thr ( T ) . 

(2) Mutation of the KXR region (construction of 
pMUKXR) 

Using pUC-MGC3 as the template, PCR was performed 
with the primer Mll-K (SEQ ID NO: 38) and the primer Mll- 
8R (SEQ ID NO: 39) to obtain a 15,1 bp fragment. 

Using pUC-MGC3 as the template, PCR was performed 
with the primer Mll-8 (SEQ ID NO: 40) and the primer Mll- 
10R (SEQ ID NO: 41) to obtain a 10 9 bp fragment. 

Using pUC-MGC3 as the template, PCR was performed 
with the primer Mll-10 (SEQ ID NO: 42) and the primer 
M11-12RA (SEQ ID NO: 43) to obtain a' 416 bp fragment. 

Using pUC-MGC3 as the template, PCR was performed 
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with the primer M11-12A ( SEQ ID NO:. 44) and the primer 
Mll-XR (SEQ ID NO: 45) to obtain a 350 bp fragment. 

In the next PCR, using a 109 bp PCR product of the 
primer Mll-8 and the primer M11-10R and a 416 bp PCR 
5 product of the primer Mll-10 and the primer M11-12RA as 

the templates, PCR was performed with the primer Mll-8 
(SEQ ID NO: 40) and the primer M11-12RA (SEQ ID NO: 43) 
to obtain a 487 bp fragment. 

Furthermore, using a 151 bp PCR product of the 
10 primer Mll-K and the primer M11-8R and a 487 bp PCR 

product of the primer Mll-8 and the primer M11-12RA as 
the templates, PCR was performed with the primer Mll-K 
(SEQ ID NO: 38) and the primer M11-12RA (SEQ ID NO: 43) 
to obtain a 596 bp fragment. 
15 Using the above two PCR products, a 596 bp PCR 

product of the primer Mll-K and the primer M11-12RA and a 
.350 bp PCR product of the primer M11-12A and the primer 
Mll-XR as the templates, PCR was performed with the 
primer Mll-K (SEQ ID NO: 38) and the primer Mll-XR (SEQ 
2 0 ID NO: 45) to obtain a 908 bp fragment. 

A 885 bp fragment obtained by cleaving this PCR 
product (908 bp) of the primer Mll-K and the primer Mll- 
XR with Kpnl and Xbal was inserted into the plasmid pUC18 
cleaved with Kpnl and Xbal to construct pMllKXR. 
25 After analyzing the nucleotide sequence of this 

pMllKXR, a sequence different from the mgc3 gene 
(GeneBank accession No, AB023292) registered in GeneBank 
was found. Furthermore, the sequence of the original 
plasmid pUC-MGC3 was compared to confirm that it was not 
30 an error in PCR, As a result, it was confirmed that G at 

position 1279 of SEQ ID NO: 2, a sequence registered at 
GeneBank, is A, T at position 1729 is G, and C at 
position 1732 is G. 

(3) Mutation of the XGTR region (construction of 
3 5 pMUXGTR) 

Using pUC-MGC3 as the template, PCR was performed 
with the primer Mll-XA (SEQ ID NO: 46) and the primer 



M11-13RA ( SEQ ID NO: 47) to obtain . a 238 bp fragment. 

Using pUC-MGC3 as the template, PGR was performed 
with the primer M11-13A (SEQ ID NO: 48) and the primer 
M11-14RA (SEQ ID NO: 49) to obtain a 266 bp fragment. 

Using pUC-MGC3 as the template, PGR was performed 
with the primer M11-14A (SEQ ID NO: 50) and the primer 
M11-15RA (SEQ ID NO: 51) to obtain a 168 bp fragment. 

Using pUC-MGC3 as the template, PCR was performed 
with the primer M11-15A (SEQ ID NO: 52) and the primer 
M11-16RA (SEQ ID NO: 53) to obtain a 12 3 bp fragment. 

Using pUC-MGC3 as the template, PCR was performed 
with the primer M11-16A (SEQ ID NO: 54) and the primer 
Mll-GTR (SEQ ID NO: 55) to obtain a 556 bp fragment. 

In the next PCR, using a 238 bp PCR product of the 
primer Mll-XA and the primer M11-13RA and a 266 bp PCR 
product of the primer M11-13A and the primer M11-14RA as 
the templates, PCR was performed with the primer Mll-XA 
(SEQ ID NO: 46) and the primer M11-14RA (SEQ ID NO: 49) 
to obtain a 463 bp fragment. 

Furthermore, using a 168 bp PCR product. of the 
primer M11-14A and the primer M11-15RA and a 123 bp PCR 
product of the primer M11-15A and the primer M11-16RA as 
the templates, PCR was performed with the primer M11-14A 
(SEQ ID NO: 50) and the primer Ml 1-16RA ( SEQ ID NO: 53) 
to obtain a 253 bp fragment. 

Using the above three fragments of a 463 bp PCR 
product of the primer Mll-XA and the primer M11-14RA, a 
253 bp PCR product of the primer M11-14A and the primer 
M11-16RA, and a 556 bp PCR product of the primer M11-16A 
and the primer Mll-GTR as the templates, PCR was 
performed with the primer Mll-XA (SEQ ID NO: 46) and the 
primer Mll-GTR (SEQ ID NO: 55) to obtain a 1192 bp 
fragment . 

A 1174 bp fragment obtained by cleaving this PCR 
product (1192 bp) of the primer M11XA and the primer Mil 
GTR with Xbal and Sail was inserted into a 2680 bp 
fragment of the plasmid pUC18 cleaved with Xbal and Sail 
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to construct pMllXGTR. 

After analyzing the . nucleotide sequence of this 
pMllXGTR, a sequence different from the mgc3 gene 
(GeneBank accession No. AB023292) registered in GeneBank 
5 was found. Furthermore, the sequence of the original 

plasmid pUC-MGC3 was compared to confirm that it was not 
an error in PCR. As a result, it was confirmed that G at 
position 3113 of SEQ ID NO: 2, a sequence registered at 
GeneBank, is C. 

10 (4) Construction of the plasmid pMUBTR containing 

the sugar chain-removed full-length mgc3 
A 885 bp fragment prepared by cleaving pMUKXR with 
Kpnl and Xbal and a 1174 bp fragment prepared by cleaving 
pMUGTR with Xbal and Sail were ligated to a 3723 bp 
15 fragment prepared by cleaving pMllBKR with Kpnl and Sail 

thereby to construct pMUBTR having the modified mgc3 
gene in which the DNA region encoding a N-glycosylation 
site was modified. 

Example 3 . Preparation of vectors for recombinant 
2 0 fowlpox virus 

(1) Construction of pUCSfi-H-S 

A 2676 bp fragment obtained by cleaving, with 
Hindlll and Sail, pUC18XG described in International 
Patent Publication W099/18215 in which the restriction 
25 sites of pUC18 were modified and an annealing product of 

a 5 • -end-phosphorylated linker H'-S-H-S-P-Sl (SEQ ID NO: 
56) and a linker H ' -S-H-S-P-S2 (SEQ ID NO: 57) were 
ligated to construct pUCSfi-H-S- 

(2) Construction of pGHPs 

30 Three fragments, a 2661 bp fragment obtained by 

cleaving pUCSfi-H-S with Hindlll and EcoRI, an annealing 
product of a 5 ' -end-phosphorylated linker S-B-El (SEQ ID 
NO: 58) and a linker S-B-E2 ( SEQ ID NO: 59), and a 137 bp 
fragment obtained by cleaving, with Hindlll and Sail, the 

35 plasmid described in International Patent Publication 

W097/36924 containing the poxvirus late and early 
promoter, were ligated to construct a plasmid pGHPs. 
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(3) Construction of pGTPs40KS (CGI ) 

A plasmid PCR2-MDgB-CG having the MDVgB signal DNA 
modified in Reference Example 1 was cleaved with BamHI 
and EcoRI to obtain a 189 bp fragment. 
5 pGTPs'4 0K-S having the MDVgB signal DNA described in 

International Patent Publication W097/36924 and the TTM-1 
gene were cleaved with BamHI and EcoT22l to collect a 
3402 bp DNA fragment. Similarly, pGTPs-40K-S was cleaved 
with EcoRI and EcotT22I to collect a 557 bp DNA fragment. 
10 The three fragments thus obtained were ligated to 

construct a plasmid pGTPs40KS (CGI ) . 

(4) Construction of pGTPs40K-G-CS 

A 3067 bp fragment obtained by cleaving the plasmid 
pGTPs40K-Ngly having the modified TTM-1 gene obtained in 
15 Example 1 with Bglll and Sail and a 1082 bp fragment 

obtained by cleaving pGTPs40KS (CGI ) obtained in the above 

(3) with Bglll and Sail were ligated to construct a 
plasmid pGTPs40K-G-CS . 

(5) Construction of pNZ 1829R/40K-G-CS 

20 A 9217 bp fragment obtained by cleaving a plasmid 

pNZ1829R described in W097/36924 containing a sequence 
for homologous recombination of FPV, the late promoter 
and the early promoter of pox, and a marker gene, lacZ 
gene, with BamHI and Sail, and a 134 7 bp fragment 

2 5 obtained by cleaving pGTPs4 0K-G-CS obtained in the above 

(4) with BamHI and Sail were ligated to construct a 
plasmid pNZ1829R/40K-G-CS having an modified TTM-1 gene 
in which the modified MDVgB signal DNA was connected in 
frame and the lacZ gene as a marker gene. 

30 (6) Construction of pNZ 1829R/40K-G-CS ( dl-lacZ ) 

A 7013 bp fragment obtained by cleaving this plasmid 
pNZ1829R/40K-G-CS with Smal and Sfil was treated with T4 
polymerase, blunted, and the fragment obtained was 
subjected to self -ligation to construct a plasmid 

35 pNZ1829R/40K-G-CS (dl-lacZ) in which the lacZ gene was 

deleted from the plasmid pNZ 1829R/40K-G-CS . By 
sequencing, the nucleotide sequence of the blunted 
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portion was confirmed. 

Example 4. Construction of vectors for recombinant 
fowlpox virus 

(1) Construction of pGHPs40KCS-G 
5 A 1347 bp fragment obtained by cleaving pGTPs40K-G- 

CS constructed in Example 3(4) with BamHI and Sail and a 
2791 bp fragment obtained by cleaving pGHPs constructed 
in Example 3(2) with BamHI and Sail were ligated to 
construct pGHPs40KCS-G, 
10 (2) Construction of pNZ29RMG40KMl 1CS-G 

A 3129 bp fragment obtained by cleaving pMUBTR 
having the modified mgc3 gene constructed in Example 2(4) 
with EcoRI and Sail, a 297 bp fragment obtained by 
cleaving pGHPs40KCS-G obtained in the above (1) with 
15 EcoRI and Sfil, and a 6985 bp fragment obtained by 

cleaving pNZ 1829R/40K-G-CS constructed in Example 3(5) 
with Sfil and Sail were ligated to construct a plasmid 
pNZ29RMG40KMHCS-G having the modified MDVgB signal DNA, 
the modified TTM-1 gene, and the modified mgc3 gene. 
2 0 Exam ple 5. Construction of a vector pNZ29RMG 40KMl 1CS-G2 

for recombinant fowlpox virus 

In Example 4, the modified mgc3 gene has been 
inserted in the constructed pNZ29RMG40KMllCS-G. In order 
to return the site that, inherently, is not a N- 
25 glycosylation site (corresponding to base at position 561 

in SEQ ID NO: 2) of the gene to the original base G, this 
part was further modified, and a plasmid 

pNZ29RMG40KMHCS-G2 having the re-modified mgc3 gene was 
obtained, 

30 The specific procedure used for re-altering mgc3 is 

as follows: 

Using pNZ29RMG40KMl 1CS-G constructed in Example 4(2) 
as the template, PCR was performed with the primer Mll- 
Sfi (SEQ ID NO: 60) and the primer M11-5RB (SEQ ID NO: 
35 61) in the condition described in Example 1 to obtain a 

836 bp fragment. 

Using pNZ 2 9RMG4 0KM1 1CS-G constructed in Example 4(2) 
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as the template, PCR was performed with the primer M11-5C 
(SEQ ID NO: 62) and the primer Mll-KRA ( SEQ ID NO: 63) in 
a similar condition to obtain a 618 bp fragment. 

Using these two PCR products as the templates, PCR 
5 was performed with the primer Mll-Sfi (SEQ ID NO: 60) and 

the primer Mll-KRA (SEQ ID NO: 63) to obtain a 1400 bp 
fragment. A 1368 bp fragment obtained by cleaving this 
1400 bp PCR product with Sfil and Kpnl and a 9032 bp 
fragment obtained by cleaving pNZ29RMG40KMl 1CS-G 

10 constructed in Example 4(2) with Sfil and Kpnl were 

ligated to construct a plasmid pNZ29RMG40KMHCS-G2 having 
the modified MDVgB signal DNA, the modified TTM-1 gene, 
and the re-modified mgc3 gene. 

By sequencing the modified part, the nucleotide 

15 sequence was confirmed. 

Example 6. Construction of vectors for re combinant HVT 

(1) Construction of pGIPec40KS 

A 3278 bp fragment obtained by cleaving the plasmid 
pGIPec described in Japanese Unexamined Patent 

20 Publication (Kokai) No. 2001-188 having the Pec promoter 

and the polyA signal (Yanagida et al., 1993) of UL46h, 
UL47h and UL49h with BamHI and Sail and a 1344 bp 
fragment obtained by cleaving pGTPs40K-G-CS constructed 
in Example 3(4) with BamHI and Sail fragments were 

25 ligated to construct a plasmid pGIPec40KS. 

(2) Construction of p45/46MG40KS 

To the Sfil site of the plasmid pNZ45/46Sfi 
described in International Patent Publication W099/18215 
having the homologous recombination site of UL4 4-UL4 6 of 
30 HVT, a Bgll fragment (1969 bp) of pGIPec40KS obtained in 

the above (1) was inserted to construct a plasmid 
p45/46MG40KS. 

(3) Construction of pGICMV(-) 

Using pGIPec described in Japanese Unexamined Patent 
35 Publication (Kokai) No. 2001-188 as the template, PCR was 

performed in the condition created in Example 1 with the 
primer pCMV-1 (SEQ ID NO: 64) and the primer pPeclR (SEQ 
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ID NO: 65) to obtain a 293 bp fragment. 

Using pBK-CMV (Stratagene) as the template, PCR was 
performed in a similar condition with the primer pCMV-ol 
(SEQ ID NO: 66) and the primer CMV-R1 (SEQ ID NO: 67) to 
5 obtain a 341 bp fragment. 

Using the two PCR products obtained as the 
templates, PCR was performed with the primer pCMV-1 (SEQ 
ID NO: 64) and the primer' pCMV-Rl (SEQ ID NO: 67) to 
obtain a 604 bp fragment. 
10 A 589 bp fragment obtained by cleaving this 604 

fragment with PstI and Xbal and a 2765 bp fragment 
obtained by cleaving pGIPec with PstI and Xbal were 
ligated to construct pGICMV(-). 

(4) Construction of pGHMCSpolyASf i 
15 Using the plasmid pGlMCSpolyASf i described in 

International Patent Publication W099/18215 having the 
polyA signal of UL46h, UL47h and UL49h and a multiple 
cloning site as the template, PCR was performed with the 
primer pGHP-F (SEQ ID NO: 68) and the primer pGHP-R (SEQ 
2 0 ID NO: 69) to obtain a 14 9 bp fragment. 

A 138 bp fragment obtained by cleaving this 149 bp 
fragment with EcoRI and Hindlll and a 2635 bp fragment 
obtained by cleaving pGlMCSpolyASf i with EcoRI and 
Hindlll were ligated to obtain pGHMCSpolyASf i . 
25 (5) Construction of pGHCMV(-) 

A 2765 bp fragment obtained by cleaving 
pGHMCSpolyASf i obtained in the above (4)" with PstI and 
Xbal and a 589 bp fragment obtained by cleaving pGICMV(-) 
obtained in the above (3) with PstI and Xbal were ligated 
30 to construct pGHCMV(-). 

(6) Construction of pHCMV(-) 

A 32 9 4 bp fragment obtained by cleaving pGHCMV(-) 
obtained in the above (5) with EcoRI and Sail and an 
annealing product of 5 ' -end-phosphorylated Linker 1 (SEQ 
35 ID NO: 70) and a Linker 2 (SEQ ID NO: 71) were ligated to 

construct a plasmid pHCMV(-) in which the polyA signal of 
UL46h, UL47h, and UL49h of MDV-1 was deleted in 
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pGHCMV ( - ) . 

(7) Construction of pHCMV-Mll (CSG2) 

A 3275 bp fragment obtained by cleaving pHCMV(-) 
obtained in the above (6) with BamHI and Sail and a 3318 
5 bp fragment obtained by cleaving pNZ29RMG40KMHCS-G2 

obtained in Example 5 with BamHI and Sail were ligated to 
construct a plasmid pHCMV-Mll ( CSG2 ) • 

(8) Construction of pBAc 

A 1515 bp fragment obtained by cleaving a plasmid 
10 pLUC-bac having the chicken beta-actin promoter described 

in Japanese Unexamined Patent Publication (Kokai) No. 
2001-188 with PstI and Xbal and a 2765 bp fragment 
obtained by cleaving pGIMCSpolyASf i described in 
International Patent Publication W099/18215 with PstI and 
15 Xbal were ligated to construct a plasmid pBAc . 

(9) Construction of pBAc (dHS) 

A 4268 bp fragment obtained by cleaving a plasmid 
pBAc obtained in the above (8) with Xbal after partially 
cleaving with Hindlll and an annealing product of 5 ' -end- 
20 phosphorylated Linker 3 (SEQ ID NO: 72) and a Linker 4 

(SEQ ID NO: 73) were ligated to construct a plasmid 
pBAc(dHS). 

(10) Construction of pGIBacpA2nd 

Using pBK-CMV (Stratagene) as the template, PGR was 
25 performed with the primer PolyA-SfiF2 (SEQ ID NO: 74) and 

the primer PolyA-SalKpn (SEQ ID NO: 75) to obtain a 313 
bp fragment having the PolyA signal of SV40. A 297 bp 
fragment obtained by cleaving this 313 bp fragment with 
Sfil and Kpn and a 4222 bp fragment obtained by cleaving 
3 0 pBAc(dHS) obtained in the above (9) with Sfil and Kpnl 

were ligated to construct pGIBacpA2nd. 

(11) Construction of pGIBac40KS2nd 

Using pGTPs40K-S described in International Patent 
Publication W097/36924 as the template, PCR was performed 
35 with the primer 40KS-B (SEQ ID NO: 76) and 40KG-6R (SEQ 

ID NO: 22) to obtain a 1359 bp fragment. A 1345 bp 
fragment obtained by cleaving this 1359 bp fragment with 
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BamHI and Sail and a 4222 bp fragment obtained by 
cleaving pGIBacpA2nd obtained in the above (10) with 
BamHI and Sail were ligated to construct a plasmid 
pGIBac40KS2nd. 
5 (12) Construction of p45/46Bac40KS+2nd 

A 3169 bp fragment obtained by cleaving 
pGIBac40KS2nd obtained in the above (11) with Bgll was 
inserted into the Sfil site of pNZ45/46Sfi having the 
UL44 to UL4 6 region ( SEQ ID NO: 3) of HVT described in 
10 W097/36924 to construct a plasmid p45/46Bac40KS+2nd 

having the TTM-1 gene. 

(13) Construction of p45/46Bac40KS-CMVMll 

A 3940 bp fragment obtained by cleaving pHCMV- 
M11(CSG2) obtained in the above (7) with Bgll was 
15 inserted into the Sfil site of p45/46Bac40KS+2nd obtained 

in the above (12) to construct a plasmid p45/46Bac40KS~ 
CMVM11 having the mgc3 gene. 

(14) Construction of p45/46Pec40KS+2nd 

A 561 bp fragment obtained by cleaving pGIPec40KS 
20 obtained in the above (1) with PstI and BamHI , a 3520 bp 

fragment obtained by cleaving p45/46Bac40KS+2nd obtained 
in the above (12) with BamHI and Hindlll, and a 3613 bp 
fragment obtained by cleaving the same plasmid with PstI 
and Hindlll were ligated to construct a plasmid 
25 p45/46Pec40KS+2nd having the modified MDVgB signal DNA 

and the modified TTM-1 gene. 

(15) Construction of pNZ45/46BacpA2nd 

A 1866 bp fragment obtained by cleaving pGIBacA2nd 
obtained in the above (11) with Bgll was inserted into 
30 the Sfil site of pNZ45/46Sfi described in W099/18215 to 

construct pNZ45 /4 6BacpA2nd . 

(16) Construction of pNZ45/46Bac40KpA+2nd 

Using pUTTM-1 described in U.S. Pat'. No. 5,489,430 
as the template, PCR was performed with primer pMG4 0K-l 
35 (SEQ ID NO: 77) and the primer 40KG-6R (SEQ ID. NO: 22) to 

obtain a 12 59 fragment. A 12 37 bp fragment- obtained by 
cleaving this 1259 bp fragment with BamHI and Sail and a 



- 34 - 



7317 bp fragment obtained by cleaving pNZ45/46BacpA2nd 
obtained in the above (15) with BamHI and Sail were 
ligated to construct a plasmid pNZ45/46Bac40KpA+2nd . 
(17) p45/46Bac40K-CMVMll 
5 A 394 0 bp fragment obtained by cleaving pHCMV- 

M11(CSG2) obtained in the above (7) with Bgll was 
inserted into the Sfil site of pNZ45/46Bac40KpA2nd 
obtained in the above (16) to construct a plasmid 
p45/46Bac40K-CMVMll having the modified MDVgB signal DNA, 
10 the modified TTM-1 gene, and the modified mgc3 gene. 

Example 7 . Construction of vectors for re combinant 
fowlpox virus 

(1) Construction of pNZ29R/40KMGC3 

A 1345 bp fragment obtained by cleaving 
15 pGIBac40KS2nd constructed in Example 6(11) with BamHI and 

Sail, a 1333 bp fragment obtained by cleaving 
PNZ29RMG40KM11CS-G2 constructed in Example 5 with EcoT22I 
and BamHI, and a 7722 bp fragment obtained by cleaving 
the same plasmid with EcoT22I and Sail were ligated to 
20 construct a plasmid pNZ29R/40KMGC3 that is a vector for 

recombinant fowlpox virus having the modified MDVgB 
signal DNA, the modified TTM-1 gene, and the re-modified 
mgc3 gene. 

(2) Construction of pNZ29RMG40KSMllCS-G2 

25 A 1440 bp fragment obtained by cleaving pGTPs40KS- 

Ngly constructed in Example 1 with Hindlll and Sail , a 
1237 bp fragment obtained by cleaving P NZ29RMG40KM11CS-G2 
constructed in Example 5 with Hindlll and EcoT22I, and a 
7722 bp fragment obtained by cleaving the same plasmid 

30 with EcoT22l and Sail were ligated to construct a plasmid 

pNZ29RMG40KSMHCS-G2 that is a vector for recombinant 
fowlpox virus having the modified MDVgB signal DNA, the 
modified TTM-1 gene, and the re-modified mgc3 gene. 

(3) Construction of pGHPs-rgG 

35 a 75 bp fragment obtained by cleaving pUC-rgG 

constructed in Reference Example 2 with BamHI and EcoRI 
and a 2756 bp fragment obtained by cleaving pGHPs40KCS-G 



constructed in Example 4 with BamHI and EcoRI were 
ligated to construct a plasmid pGHPs-rgG. 

(4) Construction of pNZ 2 9RMG40KSM1 1 ( rgG ) CS-G2 
A 3129 bp fragment obtained by further cleaving, 
with EcoRI, a 3418 bp fragment obtained by cleaving 
PN229R/40KMGC3 obtained in the above (1) with Sfil and 
Sail, a 6982 bp fragment obtained by cleaving the same 
PNZ29R/40KMGC3 with Sfil and Sail, and a 176 bp fragment 
obtained by cleaving pGHPs-rgG constructed in the above 
(3) with Sfil and EcoRI were ligated to construct a 
plasmid pNZ29RMG40KSMll(rgG)CS-G2 having that is a vector 
for recombinant fowlpox virus having the modified rgG 
gene, the modified TTM-1 gene, and the re-modified mgc3 
gene. 

Example 8 . Purifi cation of recombinant fowlpox virus 

To a monolayer of CEFs, the BLEN strain (FP-Blen 
Select Laboratories) that is a live vaccine for fowl pox 
was infected at a M.O.I, of 0.1. Three hours later, 
these cells were trypsinized to make a cell, suspension. 
The cells (2 x 10 7 cells) in this suspension and 10 ^ig of 
one of the vectors for recombinant fowlpox virus shown in 
Table 1 constructed in the above Examples were mixed, and 
the mixture was suspended into Saline G (0.14 M NaCl, 0.2 
mM KC1, 1.1 mM hydrogen disodium phosphate, 1.5 mM 
hydrogen potassium phosphate, 0 . 5 mM magnesium chloride 
hexahydrate, 0.011% glucose), which was then subjected to 
electroporation at a condition of 3.0 KVcrrf 1 and 0.4 msec 
at room temperature using the Gene Pulser (Bio-Rad). 
Cells into which the vector for recombinant fowlpox virus 
had been introduced were then cultured for 72-120 hours, 
freeze-thawed 3 times, and the cells containing 
recombinant fowlpox virus were collected. The 
relationship between the vector for recombinant fowlpox 
virus and the name of the recombinant fowlpox virus 
obtained from the vector is shown in Table 1. 
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Table 1: The relationship between the recombinant fowlpox 
virus and the recombinant vector 



Vector for recombinant fowlpox 
virus 


recombinant fowlpox virus 


PNZ182 9R/4 0K-S (dl-lacZ ) 


rFPV-B/MG40- 


pNZ 2 9RMG4 OKMl 1CS-G 


rFPV-B/MG40/Mll 


pNZ182 9R/4 0K-G-CS 


rFPV-B/MG40-S 


pNZ29R/40KMGC3 


rFPV-B/MG-1 


pNZ2 9RMG4 0KS(-G)MHCS-G2 


rFPV-B/MG-2 


pNZ 2 9RMG4 0KSM1 1 ( rgG ) CS-G2 


rFPV-B/MG-3 



The recovered virus was purified by the Black Plaque 
5 Assay (BPA) . 

The solution of the recovered virus was infected to 
the monolayer of CEFs , on which agar containing the 
growth medium was overlaid. After confirming virus 
plaques 2-3 days later, each virus plaque was collected 

10 individually with the agar on it with a Pasteur pipet 

etc., suspended in the growth medium, and stored. On the 
other hand, agar was removed from CEFs having the 
remaining plaques, which was then fixed in cold methanol 
etc. Antiserum (anti-TTMG-1 antiserum) obtained by 

15 immunizing rabbits with the TTMG-1 protein that was 

expressed in Escherichia coli was diluted about 500-fold 
in Dulbecco's phosphate buffered saline (Dainippon 
Pharmaceutical; hereinafter referred to as PBS ( - ) ) which 
is usually used for cell culture and includes no 

20 magnesium ion, and was reacted to the plaques at 22-25°C 

for 2 hours. The antibody that was not bound was washed 
three times in 3% non-fat dried milk in PBS(-), and then, 
biontinylated anti-rabbit antibody (goat, Biosource) was 
reacted to the plaque at 22-25 °C for 2 hours. 

2 5 After the reaction was over the antibody was washed 

out by PBS ( - ) , avidin-biotin-alkaline phosphatase complex 
(Vector Laboratories) was reacted. After rinsing off the 
unreacted avidin-biotin-alkaline phosphatase complex in 
PBS(-), plaques were developed with the substrate for 

30 alkaline phosphatase, BCIP/NBT (Roche), a which creates 

dark blue or black precipitate . Using this BPA, viral 



suspensions corresponding to positive plaques were re- 
infected to CEFs and similar procedures were repeated for 
3-4 times until all plaques became positive with BP A. 
The gene structure of recombinants was confirmed by 
Southern hybridization and the sequencing of the DNA 
sequence at the junction. 

Example 9. Purification of recombi nant HVT 

According to the method of Morgan et al. (1990), 
HVT -DNA was recovered. The specific method of collection 
is as follows: 

About 10 s PFU of the HVT FC126 strain (ATCC VR-584B) 
was infected to about 3 x 10 7 CEFs. After culturing for 
2-3 days, 4 ml of the lysis buffer (0.5% SDS, 10 mM Tris 
(pH 8.0), 100 mM NaCl, 1 mM EDTA, 200 [xg/ml Proteinase K) 
was added thereto, and incubated at 37°C for 4 hours, 
phenol-extracted, and precipitated with ethanol to 
recover HVT-DNA. 

The vectors for recombinant HVTs shown in Table 2 
obtained in the above Examples were cleaved with an 
appropriate restriction enzyme into linearized at the 
site which is located on neither the homologous region to 
HVT genome nor the foreign gene(s). 

About 3 x 10 6 CEFs collected by trypsinization were 
suspended in saline G (0.14 M NaCl, 0.2 mM KC1, 1.1 mM 
hydrogen disodium phosphate , 1 . 5 mM hydrogen potassium 
phosphate, 0 . 5 mM magnesium chloride hexahydrate, 0.011% 
glucose). 10-30 ^ig of the previously prepared HVT-DNA 
and 10-30 \xg of the linearized vector for recombination 
were introduced into the cells by electroporation at a 
condition of 0.5 KVcm" 1 and 0.4 msec at room temperature 
using Gene Pulser (Bio-Rad) . This cell suspension was 
plated on a 6-cm culture dish, to which the growth mediun 
was added and cultured for 5-7 days. The infected cells 
which contained recombinant HVTs were harvested. The 
recombinant HVT was purified by the limiting dilution 
method. The specific method of purification is as 
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follows: 

About 2 x 10 6 CEFs together with the serially 
diluted viral solutions were plated on 96-well plates. 
After culturing for 3-5 days when plaques appeared, 
5 replica was made. From one of the plates, using a 

similar method to the BPA method in Example 8, 
recombinant HVTs that expressed the TTM-1 gene were 
selected. In a similar manner to recombinant fowlpox 
virus, the viral solutions of the replica corresponding 
10 to positive plaques were re-infected to CEFs, and similar 

procedures were repeated for 3-4 times until all plaques 
became positive by the BPA method. 

The relationship between the vectors for HVT and the 
recombinant HVTs obtained from the vector is shown in 
15 Table 2 . 



Table 2 : The relationship between the name of the 
recombinant HVT and the recombinant vector 



Vector for recombinant HVT 


recombinant HVT 


p45/46MG40KS 


rHVT/PecMG4 0KS 


p4 5/4 6Bac4 0KS-CMVMll 


rHVT/Bac40KS-CMVMll 


p4 5/4 6Pec4 0KpA+2nd 


rHVT/PecMG4 0KS+2nd 


p4 5/46Bac40K-CMVMll 


rHVT/Bac40K-CMVMll 



20 The gene structure of recombinants was confirmed by 

Southern hybridization and the sequencing of the DNA 
sequence at the junction. 

Example 10. Confirmation of th e protein expressed from 
the recombinants (the BPA method) 

25 it has already been confirmed by the BPA method in 

each Example that all of the recombinant fowlpox viruses 
and the recombinant HVTs obtained in Examples 8 and 9 
have the TTM-1 gene or the modified TTM-1 gene and 
express the TTMG-1 antigen. 

3 0 For recombinant viruses having the mgc3 gene or the 

modified mgc3 gene obtained in Examples 8 and 9, rFPV- 
B/MG40/M11, rFPV-B/MG-1, rFPV-B/MG-2 , rFPV-B/MG-3, 
rHVT/Bac4 0KS-CMVMll , and rHVT/Bac4 0K-CMVMll , the BPA 



method was performed as in Example 8 using mouse 
monoclonal antibody Mab 35A6 raised against the MGC3 
antigen prepared by Yoshida et al. (2000) (however, it 
differs in that the second antibody is a biotinylated 
anti-mouse antibody (goat, Biosource) ) to confirm the 
expression of the MGC3 antigen. 

Example 11. Confirmation of the protein expressed from 
the recombinants (the Western blotting method) 

The molecular weight of recombinant virus was 
determined using the Western blotting method. The 
procedure by the Western blotting method is as follows: 

The monolayer of CEFs infected with recombinant 
virus was solubilized in the SDS-GEL loading buffer. For 
some samples, sugar chains were digested as they are 
using sugar chain-digesting enzymes, endoglycosidase H 
(Endo H; Roche) and PNGase F (Endo F; Roche). These 
samples were subjected to SDS-PAGE electrophoresis under 
the normal denaturing reduced condition. Protein was 
transferred from the gel to the PVDF membrane (Immobilon- 
P, Millipore). The PVDF membrane was incubated with the 
anti-TTMG-1 antiserum or Mab 35A6 described in Example 
10, and rinsed in Tris buffered saline with Tween 20 (T- 
TBS: 0.1 M Tris-Cl ( pH 7.5), 0.9% NaCl, 0.1% Tween 20 
(manufactured by Sigma-Aldrich ) ) . The membrane was 
incubated with a second antibody (anti-rabbit (goat) for 
anti-TTM-1 antiserum, and anti-mouse (goat) for Mab 
35A6), After rinsing with T-TBS, it was reacted with the 
,avidin-biotin-alkaline phosphatase complex (Vector 
Laboratories). By rinsing off the unreacted avidin- 
biotin-alkaline phosphatase complex in T-TBS, protein 
bands were observed after development with the substrate 
for alkaline phosphatase, BCIP/NBT (Roche), which creates 
dark blue or black precipitate. 

It was confirmed by the Western blotting method that 
the recombinant fowlpox virus rFPV-B/MG40 /Ml 1 (Lane 3) 
obtained in Example 8 expresses the TTMG-1 antigen 
(Figure 1). As the control, the parent fowlpox virus 
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BLEN strain (Lane 1), and a recombinant fowlpox virus in 
which the MDVgB signal was connected in frame to the 
TTMG-1 antigen having a sugar chain described in 
International Patent Publication W097/36924, 40K-S (Lane 
5 2), and the recombinant fowlpox virus recFPV-MGC3 (Lane 

4) that expresses the MGC3 antigen reported by Yoshida et 
al. (2000) were used. 

As shown in Figure 1 , 4 0K-S (Lane 2 ) that expresses 
the TTMG-1 antigen having a N-glycosylation site 

10 expressed an about 6 0 kd TTMG-1 antigen. On the other 

hand, rFPV-B/MG40/Mll (Lane 3) that expresses the TTMG-1 
antigen in which the N-glycosylation site was modified 
expressed an about 50 kd TTMG-1 antigen. This is 
consistent with the value of 48.9 kd predicted from the 

15 amino acid sequence in which the MDVgB signal was added 

to the N-glycosylation site-modified TTM- 1 ♦ In the 
negative control of the parent virus (Lane 1) that did 
not express TTMG-1 antigen and recFPV-MGC3 (Lane 4) did 
not exhibit any specific bands. 

2 0 It was confirmed by the Western blotting method that 

the recombinant fowlpox virus rFPV-B/MG40-S (Lane 5) 
obtained in Example 8 and the recombinant HVT 
rHVT/PecMG40KS (Lanes 1 & 2) obtained in Example 9 
expressed the TTMG-1 antigen (Figure 2). As the control, 

25 rHVT HF-PecHNF (Lane 3) that expresses the HN and F 

antigen of NDV described in Japanese Unexamined Patent 
Publication (Kokai) No. 2001-188, the parent fowlpox 
virus BLEN strain (Lane 4), 40K-S (Lane 5) described in 
International Patent Publication W097/36924 were used. 

30 Lanes 1 and 2 are HVT having the same structure except 

that their clones are only different. rFPV-B/MG40-S 
(Lane 5) that expresses the N-glycosylation site-modified 
TTMG-1 antigen and rHVT/PecMG40KS (Lanes 1 & 2) expressed 
about 50 kd TTMG-1 antigen as did rFPV-B/MG40 /Ml 1 (Lane 

35 3 ) in Figure 1. This was consistent with the value of 

48.9 kd predicted from the amino acid sequence in which 
the MDVgB signal was added to the N-glycosylation site- 



modified TTM— 1 ♦ On the other hand, 40K-S (lane 6) that 
expresses the TTMG-1 antigen having a sugar chain is the 
same virus as in Lane 2 in Figure 1, but the former 
expressed about 60 kd TTMG-1 antigen. In HF-PecHNF (Lane 
3) that expresses NDV, there appears to be a band at 
about 50 kd, but this was confirmed to be a contamination 
from Lane 2 in another experiment. In the negative 
control of the FPV parent strain (Lane 4), no bands were 
seen. Thus, it was demonstrated that FPV and HVT that 
express a fusion protein comprised of the N-glycosylation 
site-modified TTM- 1 and the MDVgB signal were not N- 
glycosylated . 

It was confirmed by the Western blotting method that 
the recombinant fowlpox virus rFPV-B/MG-1 (Lanes 2 & 3) 
obtained in Example 8 expresses the MGC3 antigen (Figure 
3). As the negative control, the parent fowlpox virus 
BLEN strain (Lane 4) was used. According to Yoshida et 
al. (2000), the size of the fusion protein, expressed by 
recFPV-MGC3-S, of the MDVgB signal having a N- 
glycosylation site and MGC3 is 145 kd. The size of the 
fusion protein of the N-glycosylation site-modified MGC3 
antigen that is a gene product of mgc3 of FPV-B/MG-1 
obtained in the above Example and the MDVgB signal is 120 
kd (Lane 2 & 3). This is consistent with the molecular 
weight when a sugar chain estimated from the amino acid 
sequence was not added (not N-glycosylated ) . This size 
of 120 kd of the MGC3 antigen is consistent with the fact 
by Yoshida et al. (2000) that the size of the MGC3 
antigen in which the MGC3 antigen of recFPV-MGC3-S was 
treated with endoglycosidase H and PNGase F and the sugar 
chain was removed is 12 0 kd. 

Furthermore, for the recombinant fowlpox virus rFPV- 
B/MG-1 (Lane 1-3) obtained in Example 8, the expressed 
protein was treated with PNGase F (Lane 1) and 
endoglycosidase H (Lane 2), and then subjected to Western 
blotting using Mab 35A6 (Figure 4). As a result, it was 
demonstrated, that despite the treatment with 
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endoglycosidase H or PNGase F, it was 120 kd and was not 
N-glycosylated. This also is consistent with the above 
fact indicated by Yoshida et al. (2000). 

Example 12. Confirmation of the protein expressed from 
5 the recombinants (the immunoprecipitation method) 

Furthermore, the protein expressed from the 
recombinant virus was investigated using the 
immunoprecipitation method . 

The CEF monolayer infected with recombinant virus 

10 was incubated with a methionine^ ree growth medium (0.5% 

FCS). Then, it was incubated in a medium in which [ 35 S]- 
Met isotope (100 mCi/ml) was added to a Met-free MEM 
medium (0.5%, FCS) at 37°C for 16-48 hours. After 
harvesting the cells, they were solubilized by adding the 

15 lysing buffer (50 mM Tris (pH 7.5), 150 mM NaCl, 0.5% NP- 

40, 0.1% aprotinin). After centrif ugation to remove the 
precipitate, anti-TTMG-1 antiserum or Mab 35A6 and 
Protein G-Agarose (Roche 1243233) were mixed and 
incubated at 4°C. The precipitate was collected by 

20 centrifugation, and washed in the Washing Buffer (50 mM 

Tris (pH 7.5), 150 mM NaCl, 1% Triton X-100, 1% sodium 
deoxycholate (NaDOC), 0.1% SDS ) , to which the SDS Sample 
Buffer was added, and boiled at 100°C for 10 min. , and 
the supernatant was made for the sample. Each sample was 

25 subjected to SDS-PAGE, and the gel was dried and exposed 

to X-ray film to visualize. 

For the recombinant fowlpox virus rFPV-B/MG4 0/Mll 
(Lane 3) obtained in Example 8, immunoprecipitation was 
performed using anti-TTMG-1 antiserum (panel A) and Mab 

30 35A6 (panel B) to investigate the expressed protein 

(Figure 5). The expression of the TTMG-1 antigen can be 
confirmed in panel A, and the expression of MGC3 antigen 
in panel B. The recombinant fowlpox virus 40K-S (Lane 2) 
described in International Patent Publication W097/36924 

3 5 is a control in panel B, and the recombinant fowlpox 

virus recFPV-MGC3 (Lane 4) described in Yoshida et al. 
(2000) is a control in panel A. The parent fowlpox virus 
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BLEN strain (Lane 1) is a control in both of panels A and 
B. It was confirmed, in immunoprecipitation using anti- 
TTMG-1 antiserum, that rFPV-B/MG40/Mll (Lane 3.) having 
the modified TTMG-1 antigen expresses about 50 kd non-N- 
5 glycosylated TTMG-1 antigen as in the result of the 

Western blotting method in Example 11. On the other 
hand, 40K-S (Lane 2) having the unmodified TTMG-1 antigen 
expressed about 60 kd N-glycosylated TTMG-1 antigen. It 
was also confirmed, in immunoprecipitation using Mab 

10 35A6, that rFPV-B/MG40 /Ml 1 (Lane 3) having a re-modified 

mgc3 gene expressed about 120 kd non-N-glycosylated MGC3 
antigen as in the result of the Western blotting method 
in Example 11. 

On the other hand, recFPV-MGC3 that expresses an 

15 unmodified MGC-3 antigen expressed an about 140 kd N- 

glycosylated MGC-3 antigen as in the result of the 
Western blotting method in Example 11. 

From the foregoing, as was demonstrated in Examples 
10-12, the addition of a N-linked sugar chain (N- 

2 0 glycosylation ) can be prevented by deleting a N- 

glycosylation site. 

Reference Example 3. Mycoplasma challenge test on 
recombinant FPV- inoculated chickens 

The challenge test was performed according to the 
25 Japanese Standards for Biological Products of Animals. 

The method is briefly explained below. Using eggs of 
white leghorn SPF chickens (chicken species: Line-M, 
Nippon Institute for Biological Science), 5 weeks after 
hatch, recombinant FPV was inoculated by wing web stab to 

3 0 10 4 pfu per chick. The recombinant FPVs used were two: 

recombinant FPV described in International Patent 
Publication W097/36924, 40K-S, and recFPV-MGC3-S reported 
by Yoshida et al . (2000). Two weeks after vaccination, 
chickens were challenged with the virulent MG-R strain. 
35 The challenge method was performed according to the 

Standards for Biological Products of Animals , and the 
chickens were challenged to the trachea with 4.8 x 10 4 
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CFU per chick. On day 14 after the challenge, the 
chickens were necropsied and dissected to prepare 
histopathological samples of the trachea, for which the 
tracheal lesion scores were determined based on the 
5 thickness of the mucosal tissue of the trachea and the 

histopathological findings. As described in 
International Patent Publication W097/36924, the criteria 
of scoring is the same as the Japanese Standards for the 
Products, and the mean of the bronchial lesion scores of 
10 chickens in each group was made the score of the group. 
The result is shown in Table 3. 

Table 3. Mycoplasma challenge test on recombinant FPV- 



inoculated chickens - 


1 






No. of chickens 


tracheal lesion score 


Challenge controls 


10 


2.53 


4 0K-S 


10 


1.96 


recFPV-MGC3-S 


10 


2.78 



15 

The result confirmed that recFPV-MGC3-S had no 
effect but the recombinant FPV 40K-S had a vaccine 
effect. 

Example 13. Mycoplasma challenge test on recombinant 

20 FPV- inoculated chickens 

The challenge test was basically performed according 
. to the USDA-9CFR. The method is briefly explained below. 
Using eggs of white leghorn SPF chickens (chicken 
species: Line-M, Nippon Institute for Biological 

25 Science), 4 weeks after hatch, recombinant FPV was 

inoculated by wing web stab to 10 4 pfu per chick. The 
recombinant FPVs used were three: recombinant FPV 
described in International Patent Publication W097/36924, 
4 0K-S, rFPV-B/MG4 0-S obtained in Example 8, and rFPV- 

30 B/MG40- obtained in Example 8. As the control, the 

parent virus of the recombinant, the FPV BLEN strain, was 
also inoculated. The commercially available vaccine of 
Mycoplasma gallisepticum was inoculated as described in 
the directions. Three weeks after vaccination, chickens 
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were challenged with virulent MG-R strain by spraying a 
bacterial solution of 1.0 x 10 10 CCU for 1 minute. 10 
days after challenge, the chickens were necropsied, for 
which the tracheal lesion score was determined by the 
5 method of Evans et al. The detailed method of scoring is 
as follows: 



Criteria of scores are as follows; 



Score 


findings 


0 


normal air sac, clear and thin 


1 


only cloudiness or gray areas with slight thickening 
or flecks of yellowish exudate, involving a very 
limited area of one or two air sacs 


2 


readily visible grayish or yellow exudate, sometimes 
foamy, with thickening of the air sac, involving one 
or portions of two air sacs 


3 


somewhat more severe exudative, thickened 
airsacculitis, but mainly more extensive, involving 
essentially three air-sac regions 


4 


severe airsacculitis with considerable exudate and 
thickening of almost all air-sac regions 



The score for each chicken was determined, and 
10 averaged in each group to obtain the mean score. Test of 

significant difference was performed between the non 
vaccinated challenge control group and the . vaccinated 
group using the Mann-Whitney U-test. 

15 Table 4: Mycoplasma challenge test on recombinant FPV- 



inoculated chickens - 2 



Virus 


No. of 


Mean score 


Significant 




chickens 




difference 


rFPV-B/MG40-S 


10 


1.00 


* 


rFPV-B/MG40- 


10 


1.88 


★ 


40K-S 


10 


1.78 




Live Mg vaccine 


10 


2.10 


* 


Parent FPV 


10 


3.38 




Challenge controls 


10 


2.90 
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*: Significant difference with a significance level of 
1%. 

Based on the result, the vaccine effect was observed 
5 in all of the three recombinant FPVs, and vaccine effects 

were equal to or better than the live vaccine. 
Furthermore, it was demonstrated that, among the three, 
rFPV-B/MG40-S that expresses the non-N-glycosylated TTMG- 
1 antigen has a higher vaccine effect than rFPV-B/MG40- 
10 or 40K-S that expresses the N-glycosylated TTMG-1 
antigen. 

Example 14. Mycoplasma challenge test on recombinant 
FPV- inoculated chickens 

The challenge test was performed as in Example 13, 

15 and major differences will be described. Using eggs of 

white leghorn SPF chickens (Line-M, Nippon Institute for 
Biological Science), 4 weeks after hatch, recombinant FPV 
was inoculated by wing web stab to 10 4 pfu per chick. 
The recombinant FPV used was rFPV-B/MG40/Mll . The 

2 0 commercially available vaccine of Mycoplasma 

gallisepticum was inoculated as described in the 
directions. Three weeks after vaccination, chickens were 
challenged with the virulent MG-R strain by spraying a 
bacterial solution of 1.0 x io 10 * 67 CCU for 1 minute. Ten 

25 days after challenge, the. chickens were necropsied, for 
which the air sac lesion score was determined by the 
method of Evans et al. As in Example 13, the test of 
significant difference was performed between the 
vaccinated non challenge control group and the vaccinated 

30 group using the Mann-Whitney U-test. 
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Table 5: Mycoplasma challenge test on recombinant FPV- 
inoculated chickens - 3 



Group 


No. of 
chickens 


Mean score 


Significant 
difference 


rFPV-B/40K/Mll 


9 


1,67 


* 


Live Mg vaccine 


10 


1.90 


*2 


Challenge controls 


9 


3.33 





*: Significant difference with a significance level of 1% 
5 . * : Significant difference with a significance level of 5% 
Based on the result, rFPV-B/MG40 /Ml 1 that expresses 
the non-N-glycosylated TTMG-1 antigen and the MGC3 
antigen exhibited a vaccine effect exceeding the live 
vaccine. 

10 Example 15. Mycoplasma challenge t est on recombinant 

FPV-inoculated chickens 

The challenge test was performed as in Example 13, 
and major differences will be described. Using eggs of 
white leghorn SPF chickens ( SPAFAS ) , 4 weeks after 

15 hatching, recombinant FPV was inoculated by wing web stab 

to 10 4 TCID 50 per chick. The recombinant FPVs used were 
two: rFPV-B/MG40-S and rFPV-B/MG40 /Ml 1 . The commercially 
available vaccine of Mycoplasma gallisepticum was 
inoculated as described in the directions. Three weeks 

20 after vaccination, chickens were challenged with the 

virulent MG-R strain by spraying a bacterial solution of 
1 . 0 x 10 8 - 86 CCU for 1 minute. Ten days after challenge, 
the chickens were necropsied, for which the air sac 
lesion score was determined by the method of Evans et al. 

25 As in Example 13, the test of significant difference was 

performed between the vaccinated non challenge control 
group and the vaccinated group using the Mann-Whitney U- 
test. 
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Table 6: Mycoplasma challenge test on recombinant FPV- 
inoculated chickens - 4 



Group 


No. of 
chickens 


Mean score 


Significant 
difference 


Challenge controls 


20 


2 . 15 




Live Mg vaccine 


20 


0.60 




rFPV-B/MG4 0-S 


20 


1.7 




rFPV-B/MG40/Mll 


20 


1,15 


* 


Negative controls 


10 


0 





*: Significant difference with a significance level of 1% 
5 Based on the result, the vaccine effect of two 

recombinants rFPV-B/MG40-S and rFPV-B/MG40/Mll that 
express the non-N-glycosylated TTMG-1 antigen was 
.confirmed. Furthermore, rFPV-B/MG40/Mll that expresses 
the non-N-glycosylated TTMG-1 antigen and the non-N- 
10 glycosylated MGC3 antigen exhibited a vaccine effect 

exceeding rFPV-B/MG40-S that only expresses the non-N- 
glycosylated TTMG-1 antigen. 

Example 16. Mycoplasma challen ge test on recombinant 
FPV-inoculated chickens 

15 The challenge test was performed as in Example 13, 

and major differences will be described. Using eggs of 
white leghorn SPF chickens (Line-M, Nippon Institute for 
Biological Science), 4 weeks after hatch, recombinant FPV 
was inoculated by wing web stab to 10 4 pfu per chick. 

2 0 The recombinant FPVs used were three: rFPV-B/MG-1 to 

rFPV-B/MG-3 described in Example 8. Three weeks after 
vaccination, chickens were challenged with the virulent 
MG-R strain by spraying a bacterial solution of 1.0 x 
10 9 * 85 CCU for 1 minute. Ten days after the challenge, 

25 the chickens were necropsied, for which the air sac 

lesion score was determined by the method of Evans et al. 
As in Example 17, the test of significant difference was 
performed between the vaccinated non-challenge control 
group and the vaccinated group using the Mann-Whitney U- 

30 test. 
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Table 7: Mycoplasma challenge test on recombinant FPV- 
inoculated chickens - 5 



Group 


No. of 
chickens 


Mean score 


Significant 
difference 


Challenge controls 


20 


3.50 




rFPV-B/MG-1 


20 


1.35 


* 


rFPV-B/MG-2 


19 


1.74 


* 


rFPV-B/MG-3 


18 


1.26 


* 


Negative controls 


5 


0.00 





*: Significant difference with a significance level of 1% 
5 Based on the result, vaccine effect was confirmed in 

all of rFPV-B/MG-1 to rFPV-B/MG-3 that express the non-N- 
glycosylated MGC3 antigen. 

Example 17. Mycoplasma challenge test on recombinant 
FPV- inoculated chickens 

10 The challenge test was performed as in Example 13, 

and major differences will be described. Using eggs of 
white leghorn SPF .chickens (SPAFAS), 8 weeks after hatch, 
recombinant FPV was inoculated by wing web stab to 10 3 ' 5 
TCID 50 pfu per chick. The recombinant FPVs used were 

15 three: rFPV-B/MG-1 to rFPV-B/MG-3 obtained in Example 8. 

The live vaccine of Mycoplasma gallisepticum was 
inoculated as described in the directions. Three weeks 
after vaccination, chickens were challenged with the 
virulent MG-R strain by spraying a bacterial solution of 

20 1 .0 x 10 8 ; 6 CCU for 1 minute. Ten days after challenge, 

the chickens were necropsied, for which the air sac 
lesion score was determined by the method of Evans et al. 
As in Example 14, the test of significant difference was 
performed between the vaccinated non challenge control 

25 group and the vaccinated group using the Mann-Whitney li- 

test . 
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Table 8: Mycoplasma challenge test on recombinant FPV- 
inoculated chickens - 6 



Group 


No. of 
chickens 


Mean score 


Significant 
difference 


Challenge controls 


30 


1.78 




rFPV-B/MG-1 


30 


0.37 


* 


rFPV-B/MG-2 


30 


0.39 




rFPV-B/MG-3 


30 


0.56 


* 


Live Mg vaccine 


30 


0.43 


* 


Negative controls 


5 


0.00 





*: Significant difference with a significance level of 1% 
5 Based on the result, vaccine effect was confirmed in 

all of rFPV-B/MG-1 to rFPV-B/MG-3 that express the non-N- 
glycosylated MGC3 antigen. 

Example 18. Mycoplasma challenge test on recombinant 
FPV- and recombinant HVT-inoculated chickens 

10 The challenge test was performed as in Example 13, 

and major differences will be described. Using eggs of 
white leghorn SPF chickens (Line-M, Nippon Institute for 
Biological Science), 3 days after hatch , recombinant HVT 
was subcutaneously inoculated to 3 x 10 3 PFU per chick, 

15 and three weeks after hatch, recombinant FPV was 

inoculated by wing web stab to 10* TCID 50 pfu per chick. 
The recombinant HVTs used were rHVT/PecMG40KS and 
rHVT/Bac40KS-CMVMll obtained in Example 9. The 
recombinant FPV used was rFPV/MG-1 obtained in. Example 8. 

20 The commercially available live vaccine. of Mycoplasma 

gallisepticum was inoculated three weeks after hatch as 
described in the directions. Seven weeks after hatching, 
chickens were challenged with the virulent MG-R strain by 
spraying a bacterial solution of 1.0 x 10 9 * 4 CCU for 1 

25 minute. Ten days after the challenge, the chickens were 

necropsied, for which the air sac lesion score was 
determined by the method of Evans et al- As in Example 
13, the test of significant difference was performed 
between the vaccinated non challenge control group and 

30 the vaccinated group using the Mann-Whitney U-test. 



- 51 - 



Table 9: Mycoplasma challenge test on recombinant FPV- 
and recombinant HVT-inoculated chickens 



Group 


No. of 
chickens 


Mean score 


Significant • 
difference 


rFPV-B/MG-1 


15 


1 .20 


*2 


rHVT/PecMG40KS 


16 


1.50 


★ 


rHVT/Bac40KS-CMVMll 


15 


2.00 




Live Mg vaccine 


14 


1.79 




Challenge controls 


12 


2 . 75 





*: Significant difference with a significance level of 1% 
5 *2 : Significant difference with a significance level of 

5% 

Based on the result, vaccine effect was confirmed in 
the recombinant HVT of the present invention, 
rHVT/PecMG40KS , that expresses the non-N-glycosylated 

10 TTMG-1 antigen and rFPV-B/MG-1 that expresses the non-N- 

glycosylated MGC3 antigen. Furthermore, the vaccine 
effect of rHVT/Bac40KS-MVMll that expresses the non-N- 
glycosylated TTMG-1 antigen and the non-N-glycosylated 
MGC3 antigen was confirmed. 

15 Example 19 . Mycoplasma challenge test on recombinant 

HVT-inoculated chickens 

The challenge test was performed as in Example 13, 
and major differences will be described. Using eggs of 
white leghorn SPF chickens (Line-M, Nippon Institute for 

20 Biological Science), on the day of hatch, recombinant FPV 

was subcutaneously inoculated to 10 3 or 10 4 TCID 50 per 
chick. The recombinant HVT used was rHVT/PecMG40KS 
constructed in Example 9. The commercially available 
Mycoplasma gallisepticum live vaccine was inoculated 

25 three weeks after hatch as described in the directions . 

Seven weeks after hatch, a MG virulent R strain was 
challenged by spraying a bacterial solution of 1,0 x 
10 5 - 59 CCU for 1 minute. Ten days after the challenge, 
the chickens were necropsied, for which the air sac 

30 lesion score was determined by the method of Evans et al. 

As in Example 13, the test of significant difference was 
performed between the vaccinated non challenge control 
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group and the vaccinated group using the Mann-Whitney li- 
test. 

Table 10: Mycoplasma challenge test on recombinant HVT- 
inoculated chicken 



Group 


Dose log 10 


No. of 


Mean 


Significant 


/chick 


chicken 
s 


score 


difference 


rHVT/PecMG4 0KS 


4.0 


8 


2.00 


★ 


rHVT/PecMG40KS 


3.0 


7 


2 . 57 


* 


Live Mg "vaccine 




10 


2.10 




label 










Challenge controls 




12 


3.50 




Negative controls 




5 


0.00 





10 



*: Significant difference with a significance level of 1% 
Based on the result, vaccine effect was confirmed in 
rHVT/PecMG4 0KS , a recombinant HVT that expresses the non- 
N-glycosylated TTMG-1 antigen. 
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Sequence listing 
Sequence No. 1 
Sequence No, 2 
Sequence No. 3 
5 Sequence No. 4 

Sequence No. 5 
Sequence No. 6 
Sequence No. 7 
Sequence No . 8 
10 signal (amino acid 

Sequence No. 9 
signal 

Sequence No . , 10 
signal 

15 

Sequence No. 11 
signal 

Sequence No. 12 
acid) 

2 0 Sequence No. 13 

mer) 

Sequence No. 14 
mer ) 

Sequence No. 15 

2 5 mer) 

Sequence No. 16 
mer ) 

Sequence No. 17 
mer ) 

3 0 Sequence No. 18 

mer ) 

Sequence No. 19 
mer ) 

Sequence No. 20 
3 5 mer) 

Sequence No. 21 
mer ) 



Free text 
TTM-1 gene (behind EcoRI ) 
mgc3 gene 

HVT-UL44-46 insertion site 
FPV-29 insertion site 
MDVgB signal (amino acid) 
modified MDVgB signal (amino acid) 
modified MDVgB signal (gene) 
Rabies virus glycoprotein G (gG) 

i 

synthetic DNA-1: 1BN for Rabies gG 
synthetic DNA-2: 1BC for Rabies gG 



modified Rabies virus glycoprotein G 



TTM-rl portion of pNZ40K-S (amino 



synthetic DNA (primer): 4 0KG-1 (23 



synthetic DNA (primer): 40KG-2R (22 



synthetic DNA (primer): 40KG-2 (23 



synthetic DNA (primer): 40KG-3R (21 



synthetic DNA (primer): 40KG-3A (36 



synthetic DNA (primer): 40KG-4RA (34 



synthetic DNA (primer): 40KG-4 (24 



synthetic DNA (primer): 40KG-5R (28 



synthetic DNA (primer): 40KG-5 (27 
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Sequence No. 22 synthetic DNA (primer): 40KG-6R (37 

mer ) - 

Sequence No, 23 TTM-1 portion of modified pNZ40K-S 

(downstream of Bgll ) (amino acid) 
5 Sequence No. 24 TTM-1 portion of the modified pNZ40K- 

S (downstream of Bgll) (gene) 

Sequence No. 25 MGC3 protein encoded by the mgc3 gene 

( amino acid) 

Sequence No. 26 synthetic DNA (primer): Mll-B (26 

10 mer) 

Sequence No. 27 synthetic DNA (primer): M11-2R (20 

mer) 

Sequence No. 28 synthetic DNA (primer) : Mll-2 (20 

mer) 

15 Sequence. No. 29 synthetic DNA (primer): M11-3R (20 

mer) 

Sequence No. 30 synthetic DNA (primer): Mll-3 (20 

mer) 

Sequence No. 31 synthetic DNA (primer): M11-4RB (30 

2 0 mer) 

Sequence No. 32 synthetic DNA (primer): M11-4B (30 

mer) 

Sequence No. 33 synthetic DNA (primer): M11-5R (20 

mer) 

25 Sequence No. 34 synthetic DNA (primer): M11-5A (30 

mer) 

Sequence No. 35 synthetic DNA (primer): M11-7RA (30 

mer ) 

Sequence No. 36 synthetic DNA (primer): Mll-7 (20 

3 0 mer) 

Sequence No. 37 synthetic DNA (primer): Mll-KR (20 

mer ) 

Sequence No. 38 synthetic DNA (primer): Mll-K (20 

mer) 

35 Sequence No. 39 synthetic DNA (primer): M11-8R (30 

mer ) 

Sequence No. 40 synthetic DNA (primer): Mll-8 (30 
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mer ) 

Sequence No. 41 
mer ) 

Sequence No. 42 
5 mer) 

Sequence No. 43 
mer ) 

Sequence No. 44 
mer) 

10 Sequence No. 45 

mer) 

Sequence No. 46 
mer ) 

Sequence No. 4 7 
15 mer ) 

Sequence No. 48 
mer) 

Sequence No. 49 
mer) 

20 Sequence No. 50 

mer) 

Sequence No. 51 
mer) 

Sequence No. 52 

2 5 mer) 

Sequence No. 53 
mer) 

Sequence No. 54 
mer ) 

30 Sequence No. 5 5 

mer ) 

Sequence No. 56 
(36 mer ) 
Sequence No. 57 

3 5 (36 mer) 

Sequence No. 58 
mer ) • 



synthetic DNA (primer): M11-10R (25 



synthetic DNA (primer): Mll-10 (25 



synthetic DNA (primer): M11-12RA (30 



synthetic DNA (primer ): M11-12A (30 



synthetic DNA ( primer ): Ml 1-XR (20 



synthetic DNA (primer): Mll-XA (30 



synthetic DNA (primer): M11-13RA (30 



synthetic DNA (primer): M11-13A (30 



synthetic DNA (primer): M11-14RA (30 



synthetic DNA (primer): M11-14A (30 



synthetic DNA (primer): M11-15RA (30 



synthetic DNA (primer): M11-15A (30 



synthetic DNA (primer): M11-16RA (30 



synthetic DNA (primer): M11-16A (30 



synthetic DNA (primer): Mll-GTR (30 



synthetic DNA (linker): H 1 -S— H-S-P-S 1 



synthetic DNA (linker): H ' -S-H-S-P-S2 



synthetic DNA (linker): S-B-El (35 



Sequence No. 5 9 
mer ) 

Sequence No. 6 0 
mer ) 

Sequence No. 61 
mer) 

Sequence No. 62 
mer ) 

Sequence No. 53 
mer) 

Sequence No. 64 
mer ) 

Sequence No. 65 
mer) 

Sequence No . 66 
mer ) 

Sequence No. 67 
mer) 

Sequence No. 68 
mer ) 

Sequence No. 69 
mer ) 

Sequence No. 70 
mer ) 

Sequence No. 71 
mer ) 

Sequence No. 72 
mer ) 

Sequence No. 7 3 
mer ) 

Sequence No. 74 
(30 mer) 
Sequence No . 7 5 
(30 mer) 
Sequence No . 7 6 
mer ) 

Sequence No. 77 



synthetic DNA (linker): S-B-E2 (35 
synthetic DNA (primer): Mll-Sfi (30 
synthetic DNA (primer): M11-5RB (30 
synthetic DNA (primer): M11-5C (30 
synthetic DNA (primer): Mll-KRA (30 
synthetic DNA (primer): pCMV-1 (30 
synthetic DNA (primer) : pPeclR (30 
synthetic - DNA ( primer ): pCMV-0 1 (30 
synthetic DNA (primer) : pCMV-Rl (30 
synthetic DNA (primer): pGHP-F (29 
synthetic DNA (primer): pGHP-R (30 
synthetic DNA (linker): Linker 1 (23 
synthetic DNA (linker): Linker 2 (23 
synthetic DNA (linker): Linker 3 (16 
synthetic DNA (linker): Linker 4 (12 
synthetic DNA (primer): PolyA-SfiF2 
synthetic DNA (primer): PolyA-SanlKpn 
synthetic DNA (primer): 4 0KS-B (22 
synthetic DNA ( primer ) : pMG4 OK- 1 (30 
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mer ) 

Sequence No. 78 modified MGC3 antigen (Mll-BTR) 

(amino acid) 

Sequence No. 79 modified mgc3 gene (Mll-BTR) (DNA) 



